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ABSTRACT
B a rre tt ,  P h ilip  M ., M .S., Summer, 1982 Geology
Petrology and S tructure, Bayonne B atho lith , Southeastern 
B rit is h  Columbia
D irector: David M. Fountain o j^ < k 'T V •
The primary purpose of th is  study is to determine i f  a major fa u l t  
l ie s  buried in the Purcell Trench near the southern end of Kootenay 
Lake in  southeastern B rit ish  Columbia and how such a fa u l t  might be 
re lated to the structural evolution of the Selk irk  metamorphic core 
complex (SMCC) to the south.
Pétrographie data indicates the existence in the Bayonne batholith  
of two previously unrecognized g ra n it ic  phases, one an S-type 
g ran ite . S- and I- typ e  plutons in the region may have been emplaced 
during separate in trus ive  events. The most westerly and north­
westerly occurrences of S-type granites in the region broadly 
coincide with the location of the Kootenay Arc, and th is  boundary 
may mark the western edge of autochthonous Precambrian continental 
crust.
A roughly north-south-trending zone of ductile  and ca tac las tic  
deformation has developed in rocks of the Bayonne batho lith .
Three stages of deformation h is tory , possibly representing two 
separate tectonic events, can be distinguished. Later ductile  
deformation produced conjugate east- and west-dipping mylonite 
shears fo r  which a normal sense of displacement is indicated.
The conjugate shears indicate a subhorizontal, ENE-WSW extension. 
Later d u c tile  and catac lastic  structures could have been produced 
by stresses of the same orien tation  during a single tectonic  
event.
S tra tig raph ie  offsets and contrasts in metamorphic grade and 
la te  thermal h is tories  of in trus ive  rocks across the Purcell 
Trench near the southern end of Kootenay Lake suggest a major 
fa u l t  buried in the trench. The structures exposed near 
Kootenay Landing may be subsidiary to the postulated Purcell 
Trench f a u l t .  The presence of the features suggesting the 
postulated Purcell Trench fa u l t  and a slickenside lin ea tion  
p a ra lle l  to one measured 65 km to the south expand to the north 
the range of the terrane that can be considered the SMCC. The 
second tectonic event of th is  study correlates a t least with the 
la te r  ca tac lastic  deformation event of the SMCC and other core 
complexes and is interpreted to have occurred during the Eocene.
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CHAPTER I 
INTRODUCTION
The high-grade metamorphic/plutonic terrane of the S e lk irk  
mountains of northern Idaho and northeastern Washington displays many 
of the characteris tics  o f metamorphic core complexes elsewhere in the 
western North American C o rd ille ra  (Coney, 1980). The Purcell Trench, 
a north-south-trending topographic fea tu re , separates the high-grade 
metamorphic terrane o f the S e lk irk  mountains on the west from a low- 
grade metamorphic terrane on the east, and several geologists have 
postulated major fau lts  buried in the trench (e .g . M i l le r  and Engels, 
1975). The continuation of the postulated Purcell Trench fa u l t  north 
from the US-Canada border is problematic. The primary purpose of th is  
thesis is to determine i f  a major fa u l t  might be buried in the Purcell 
Trench in the v ic in i ty  o f the southern end o f Kootenay Lake, 30 k i lo ­
meters north of the US-Canada border (see Fig. 1 ). I f  such a fa u l t  
does e x is t ,  i t  should be determined what type of fa u l t  i t  might be, when 
i t  might have been active  and how i t  might re la te  to the S e lk irk  meta­
morphic core complex id e n t i f ie d  to the south.
In th is  study I mapped several geologic features in order to 
address the tectonic questions. The Bayonne batholith  is exposed on both 
sides o f the Purcell Trench in the study area, and I mapped various 
d is t in c t iv e  phases of the b a th o lith  to determine i f  the phases might be 
in f a u l t  contact. A zone of d u c tile  and ca tac las tic  deformation exposed
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near Kootenay Landing at the southern end of Kootenay Lake on the west 
side of the Purcell Trench was mapped and structures in that zone were 
analyzed. The results o f th is  mapping are shown in Figure 2 as modi­
f ica tio ns  o f geologic mapping by other workers in the area.
Location and Access
The f ie ld  area l ie s  on both sides of the Kootenay River-Kootenay 
Lake va lle y  north of Cretson, B.C. (see Fig. 1 ). F ie ld  work was mainly 
concentrated along the va lley  f lo o r  and included forays up several roaded 
side canyons. Rock exposures are quite  good in ra ilro a d  cuts, along the 
shoreline o f the lakes, in highway and logging road cuts and lo c a lly  on 
high ridges, but most o f the f ie ld  area is covered by dense vegetation  
and a th ick accumulation of g lac ia l debris.
Data on the east side of the area comes from road cuts along 
Highway 3A. The west side o f the area is reached by walking two miles 
across the Canadian P a c if ic  Railway causeway-bridge system from 
Highway 3A near S irdar. At much higher e levations, access is by a p rivate  
logging road s ta rt ing  from Highway 3 in Summit Creek and p a ra l le l in g  the 
Kootenay va lley  and by logging road up Blazed Creek. A road drops down 
to Kootenay Lake in Cultus Creek a few miles north o f the area, but be­
cause the connecting road shown on recent maps between Blazed Creek 
and Cultus Creek no longer e x is ts ,  one must approach that access from 
the Salmo, B.C. side.
Structura l Setting
Projections o f three regional s tructura l features - the Kootenay Arc,
Figure 2. Geologic map. Modified from Rice (1941), Glover (1978) and 
Led a i r  (1982).
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the St. Mary fa u l t  and the eastern edge of the S e lk irk  metamorphic core 
complex delineated by the Purcell Trench -  converge in the v ic in i t y  of 
the southern end of Kootenay Lake. These structures are located on 
Figure 1 and th e ir  s a l ie n t  charac teris tics  are outlined below.
Kootenay Arc. The Kootenay Arc is a broad arcuate b e lt  of highly  
deformed la te  Precambrian, Paleozoic and Mesozoic metasedimentary and 
metavolcanic rocks. For much o f i t s  length in Canada the Kootenay Arc 
separates the high-grade, polydeformed metamorphic terrane of the Shuswap 
metamorphic complex on the west from the Purcell antic linorium  and the 
imbricate thrust terrane o f the Purcell and Rocky Mountains to the east. 
The Kootenay Arc is characterized by high, penetrative strains and complex 
tectonic overprinting associated with greenschist and amphibolite facies  
regional metamorphism and coaxial re fo ld ing about north- and northwest- 
trending axes (Fyles, 1967; P rice , 1980). In sp ite  o f i ts  complex in te r ­
nal s truc ture , the Kootenay Arc can be in terpreted  as a simple westerly  
facing monocline of crustal dimensions (P rice , 1980). Based on geo­
physical evidence and balanced structure sections. Price (1980) concludes 
th a t the present position of the Kootenay Arc marks the western edge of 
the Precambrian continental crust th at forms the basement of the North 
American craton.
St. Mary f a u l t . The St. Mary fa u l t  l ie s  northeast of the Bayonne 
batho lith  and is a northwest-dipping, right-hand reverse structure re ­
lated to foreland thrusting (Lis and P rice , 1976). The St. Mary f a u l t  
follows the locus of la te  Proterozoic f a u l t  displacements separating an 
u p lif te d  source area to the southeast from a deep structural basin to the
northwest (Lis and Price , 1976). S tra tig raph ie  contrasts throughout 
the Proterozoic and early  Paleozoic systems across the trend of the 
f a u l t  had a profound e f fe c t  on foreland thrusting to the east (Benvenuto 
and P rice , 1979).
Rice (1941) suggested that the Blazed Creek f a u l t ,  a northeast- 
trending fa u l t  on the southwest edge of the Bayonne b a th o lith , might be 
a continuation of the St. Mary fa u l t .  S tra tig raphie  s im ila r i t ie s  between 
the area southwest o f the Bayonne batho lith  and the area along the 
St. Mary fa u l t  to the northeast corroborate Rice's (1941) in te rp re ta tio n  
(Glover, 1978).
The St. Mary fa u l t  l ie s  along the trend of a major crustal structure  
id e n t i f ie d  geophysically by Kanasewich and others (1969), and the fa u l t  
may be loca lized  by that crustal weakness. In southeastern B r it ish  
Columbia th is  trend marks a dramatic change in Bouguer anomaly patterns 
(Stacey, 1973; D. Fountain, personal comm., 1982). The significance of 
th is  geophysical anomaly is  unknown.
The trend of the Kootenay Arc changes from about north-south to 
about northeast-southwest in the v ic in i ty  of the southern end of 
Kootenay Lake. The northeast-trending portion of the Kootenay Arc l ie s ,  
in a broad sense, along the southwesterly projection of the major crustal 
structure defined by Kanasewich and others (1969).
S e lk irk  metamorphic core complex. The Se lk irk  metamorphic core com­
plex is a high-grade metamorphic/plutonic terrane centered in the S elk irk  
Mountains of northern Idaho and northeastern Washington (Coney, 1980). 
This complex includes the possibly p re-B eltian  high-grade metamorphic 
rocks of the Spokane dome (Cheney, 1980).
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The S e lk irk  metamorphic core complex is characterized by volu­
minous g ra n it ic  plutons of both two-mica and hornblende-biotite su ites ,  
amphibolit e - facies regional metamorphic rocks and the widespread 
occurrence o f discordant Eocene radiometric ages (M i l le r  and Engels, 
1975). Mylonite and c a ta c la s t ite  are abundant in the complex, especia lly  
in association with the broadly synformal Newport fa u l t  which separates 
the high-grade metamorphic terrane from an overlying low-grade metamorphic 
terrane. Plutonic rocks above the Newport fa u l t  have not experienced 
the Eocene la te  cooling or reset event but rather y ie ld  Cretaceous radio-  
metric dates. Structures apparently analogous to the Newport fa u l t  cut 
across older Kootenay Arc structures elsewhere in the region (P rice ,  
1981).
The Purcell Trench bounding the S elk irk  metamorphic core complex on 
the east is a north-south-trending topographic feature extending from 
Coeur d'Alene, Idaho to the Rocky Mountain Trench in B r it is h  Columbia.
The Purcell Trench might conceal major fau lts  (Griggs, 1964; M i l le r  and 
Engels, 1975). The nature o f the structures possibly concealed in the 
trench remains enigmatic, however, because the trench is covered by 
lakes or g lac ia l deposits fo r  most o f  i t s  length. The following evidence 
suggests the existence o f a major fa u l t  buried in the Purcell Trench 
(M i l le r  and Engels, 1975):
1) only two-mica plutons are exposed between the trench and the 
Newport fa u l t ,  whereas only hornblende-biotite  plutons crop 
out east of the trench,
2) the metamorphic grade changes markedly across the trench.
from am phibolite-facies on the west to almost no signs of  
metamorphism on the east,
3) the edge of a zone o f radiometric age discordance coincides 
with the trench,
4) the form of radiometric age contours is d is t in c t ly  d if fe re n t  
across the trench,
5) mylonite and ca tac las ite  are extensively developed w ith in  
and along the west side of the trench, and
6) landforms ind icate th a t the west side of the trench may be a
fa u l t  scarp.
This evidence is compatible with major displacement on a s t r ik e -s l ip
or thrust fa u l t  (M i l le r  and Engels, 1975), a low-angle l i s t r i c  normal or
detachment-type f a u l t ,  or some combination of the above.
CHAPTER 2 
IGNEOUS PETROLOGY
Petrology of the Bayonne Batholith
General fea tu res . The Bayonne b a th o lith  l ie s  on both sides o f the 
Purcell Trench a t  the southern end of Kootenay Lake (Daly, 1912). 
Geologic mapping on the west side o f the trench indicated the existence 
of d is t in c t iv e  g ra n it ic  phases whose contacts were not shown on geologic 
maps. Pétrographie data suggest c r i t e r ia  fo r  d istinguishing amongst the 
various g ra n it ic  phases.
The name Bayonne b a th o lith  as applied to a l l  apparently contiguous 
g ra n it ic  rocks a t the southern end o f Kootenay Lake is  retained in th is  
study, but the composite nature o f the b a th o lith , both in terms of com­
position and probable age, is emphasized.
Estimated modes of g ra n it ic  rocks from 26 lo c a l i t ie s  in the Bayonne 
bath o lith  are shown in Table 1. A ll mineral species were determined 
o p t ic a l ly .  Rock types are id e n t i f ie d  according to the lUGS c la s s i f i ­
cation (Streckeisen, 1976). These data are plotted on a QAP diagram 
in Figure 3. Sample lo c a l i t ie s  are p lo tted  on Figure 2.
Mine stock. Rice (1941) and Archibald and others (1977) demon­
strated th a t the Mine stock forming the western portion of the Bayonne 
b ath o lith  is an older g ra n it ic  body than the main mass of the ba th o lith .  
My investigation  showed that the Mine stock i t s e l f  consists of a t  least  
two phases, the previously id e n t i f ie d  hornblende-biotite-bearing
10
Mine stock
main mass Kootenay Landinq Granitehb-bi-bro. b i- brq
Sample 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
number
Quartz 25 25 19 17 10 32 20 30 25 40 26 23 35 24 15 13 35 30 40 40 40 20 39 50 50 45
Plagioclase 33 42 35 45 55 45 45 34 54 23 50 50 40 40 49 56 25 13 35 28 29 10 35 18 13 28
Orthoclase 2 7 2 1 2 1 15 20 20 1
Microcline 9 1 8 3 2 21 1 35 40 20 25 25 61 10 25 30 22
Bioti te 15 25 17 15 15 17 20 20 11 13 20 18 10 15 15 23 3 7 4 6 5 4 15 5 5 4
*pleochroism G G G G G G G G G G G G G G G G R R R R R R R R R R
Hornblende 10 3 5 11 13 1 1 t r 1 t r X t r t r
Epidote 8 5 9 12 7 2 13 15 7 1 2 5 1 1 3
Muscovite 2 10 1 1 1 5 1 2 2 1
Sphene X X X t r X X X X X X t r t r X t r 1
Apatite X X X X X X X X X X X t r X X X t r X X X X X X X X X X
Zircon X X X X X X X X X X X X X X X X X X X X X X X X X
Magnetite X X X X t r 1 t r 1 t r tr t r 2
Garnet X X X X X X X X t r X X X t r X X
Ilmenite X X t r X X X X X
Rutile X X
Calcite X X X
An
45_
Plagioclase I I T T T T
composition J 1 T T I I
30] i _L
X
_L
1
I
1
II I — —
1^
_L
— —
Table 1. Estimated modes of 26 samples from the Bayonne batholith. All mineral species
determined optically . 1-5 Mine stock, hornblende-biotite-bearinq ohase; 6-8 Mine 
stock, biotite-bearing phase; 9-16 main mass of the Bayonne batholith; 17-26 
Kootenay Landing Granite. * G = greenish-brown, P. = reddish-brown; t r  less than 
1.0 but greater than 0.5 per cent; x less than 0.5 per cent.
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Qmd = quartz monzodiorite 
Od = quartz d io r i te  
T = to n a li té  
Gd = granodiorite Q
G = gran ite
4 0
20
Q m d
6535 90
o = Kootenay Landinq Granite
4- = main mass of the Bayonne batholith
□ = Mine stock, hornblende-biotite-bearing phase
A = Mine stock, b io t ite -b e a r in g  phase
Figure 3, QAP p lo t of estimated modes of 26 samples from the Bayonne 
b ath o lith . Rock types id e n t i f ie d  according to the lUGS 
c la s s if ic a t io n  (Streckeisen, 1976).
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phase and a newly id e n t i f ie d  b io t i te -bear in g  phase.
Both phases of the Mine stock contain greenish-brown b io t i t e  as 
the dominant mafic mineral.  Subhedral plagioclase shows normal zoning 
and simple and mult ip le  twinning. Andedral potassium feldspar is both 
microcline and orthoclase, has simple and tartan twinning and is commonly 
m icroperth it ic .  Quartz commonly shows undulose ext inct ion .  Medium- 
grained secondary epidote is conspicuous. Accessory minerals include 
a p a t i te ,  z ircon, garnet, sphene and carbonate. Both phases contain 
numerous narrow pegmatite dikes.
The hornblende-biotite-bearing phase most charac ter is t ic  of the Main 
and Wall stocks contains appreciable quantit ies of hornblende (Rice,  
1941). Hornblende and b io t i t e  together constitute about twenty-f ive  
percent o f  the rock. This rock is generally f in e -  to medium-grained, 
non-porphyritic and lo c a l ly  weakly fo l ia te d .  Rock types represented in 
f iv e  samples include granodiorite ,  to n a l i té  and quartz d io r i t e .  The 
average plagioclase composition ranges from An^g in the cores of grains 
to An^g in the rims. Numerous inclusions, many of them carbonate-rich,  
occur in the hornblende-biotite-bearing phase of the Mine stock on the 
ridge east of Jersey Creek. One inclusion exposes an estimated 50 
meters of s tra t ig raph ie  section high in a cirque w al l .  In this v ic in i t y  
the g ran i t ic  rocks lack potassium feldspar and contain accessory car­
bonate, possibly as a re s u l t  of contamination of the magma by assimila­
t ion  of metasedimentary rocks.
The newly id e n t i f ie d  b io t i te -b e ar in g  phase of the Mine stock lacks 
even trace amounts of hornblende, the b io t i t e  constituting about
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nineteen percent of the rock. This phase is medium-grained and por- 
p h y r i t ic ,  with phenocrysts of quartz. Three samples of th is  phase are 
to n a l i té s .  The average plagioclase composition ranges from An^g in the 
cores of grains to Angg in the rims. A ltera t ion  of plagioclase to 
s e r ic i te  and of b io t i t e  to ch lo r i te  is common. Accessory p y r i te  occurs 
in some of these a l te red  rocks.
Accessory magnetite was not noted in any of  the samples of the 
b io t i te -bear ing  phase of the Mine stock. A weak aeromagnetic high 
trending about east-west in the v ic in i t y  o f  Blazed Creek (GSC map 
84756) may mark the outcrop of the hornblende-biotite-bearing phase of  
the Mine stock, which does contain some magnetite.
The contact re lat ionship  between the Mine stock and the main mass of  
the Bayonne batholith  is unknown. The contact may be exposed along the 
ridge l in e  separating the headwaters of Shaw Creek and Toby Creek.
Main mass of the Bayonne b a th o l i th . As noted by Rice (1941),  the 
main mass of the Bayonne bathol i th  contains minor amounts of hornblende, 
but greenish-brown b io t i t e  is by fa r  the dominant mafic mineral,  con­
s t i tu t in g  about f i f te e n  percent of the rock. This phase is ty p ic a l ly  
medium-grained and porphyr it ic ,  with phenocrysts o f  plagioclase,  
potassium feldspar and quartz. Rock types represented in eight samples 
include gran i te ,  granodiorite ,  to n a l i té ,  quartz d io r i te  and quartz 
monzodiorite. Garnet-bearing pegmatites are common. Medium-grained 
secondary epidote is common and f ine-grained muscovite is rare.  Plagio­
clase shows normal zoning, the average composition ranging from An^g in 
the cores o f  grains to An^g in the rims. Plagioclase is generally
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subhedral and has both simple and mult ip le  twinning. Anhedral po­
tassium feldspar is both microcline and orthoclase and has simple and 
tartan twinning. Potassium feldspar is commonly m icroperth it ic .  The 
potassium feldspar to plagioclase ra t io  averages 0.22. Quartz commonly 
shows undulose extinction and, lo c a l ly ,  kink bands. Accessory min­
erals include magnetite, sphene, a p a t i te ,  z ircon, garnet and r u t i l e .
The p a r t ia l  a l te ra t io n  of plagioclase to s e r ic i te  and of b io t i t e  to 
c h lo r i te  is widespread.
Granit ic  rocks exposed in highway cuts on the east side of Kootenay 
Lake are in most respects identica l  to rocks of the main mass of the 
Bayonne bathol i th  exposed on the west side o f  the lake. On the east side,  
rocks ty p ic a l ly  are more a l te red ,  secondary ch lor i te  and s e r ic i te  being 
more common. The d is t in c t iv e  textural  heterogeneity and presence of  
numerous xenoliths and inclusions noted by Rice (1941) are more evident  
on the east side.
The following character is t ics  of the main mass of the Bayonne batho­
l i t h  should generally serve to distinguish i t  from those rocks of the 
Mine stock that  lack hornblende:
1) the presence of feldspar phenocrysts,
2) the less ca lc ic  plagioclase with a more l im ited range
of An content between the core and the rim,
3) the presence o f  a t  least  trace amounts of hornblende,
4) the lower epidote content, and
5) the higher magnetite and sphene contents.
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Kootenay landing g ra n i te . Muscovite-bio t i t e  granite is exposed for  
at  lea s t  12 kilometers along the west shore of Kootenay Lake a t  i t s  
southern end. This pluton is here named the Kootenay Landing Granite 
a f te r  the former lake-streamer terminal.  A new name is given to this  
phase because i t  is compositionally d is t in c t  from other phases of the 
Bayonne bathol i th  and eas i ly  distinguished in the f i e l d .
The Kootenay Landing Granite is  f in e -  to medium-grained, commonly 
f lo w (? ) - fo l ia te d  and lo c a l ly  compositionally variable .  I t  is generally  
non-porphyrit ic,  but the f iner-gra ined phases are lo c a l ly  weakly por­
p h y r i t ic  with plagioclase phenocrysts. Pegmatite dikes are abundant. 
Plagioclase is unzoned, and i ts  composition averages about An2 2 * Plagio­
clase crystals are euhedral to subhedral and show both simple and 
multip le twinning. Subhedral to anhedral microcline, the only potassium 
fe ldspar,  shows simple and tar tan  twinning and is microperth it ic .  The 
potassium feldspar to plagioclase ra t io  averages about 1.2.  Anhedral 
quartz commonly has undulose extinction and kink bands. Reddish-brown- 
colored b io t i t e  is the only mafic mineral and generally constitutes  
less than seven percent of the rock. Muscovite and b io t i t e  have about 
the same grain size and habit  in undeformed rocks, but muscovite is sig­
n i f ic a n t ly  coarser-grained than b io t i t e  in duct i le  deformation zones 
developed in the Kootenay Landing Granite. Accessory minerals include 
garnet,  monazite, a p a t i te ,  zircon and i lm e n i te (? ) ,  but in general 
accessory minerals are rare.
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Areal Extent of Bayonne Batholith Phases
The approximate areal extent of the various plutonic rock phases 
of the Bayonne bathol i th  is shown in Figure 2. No d ire c t  contact be­
tween d i f fe re n t  phases was observed.
Contacts are drawn in part by in terpre ting  aeromagnetic maps 
(GSC maps 8475G and 8476G), Figure 4 shows absolute to ta l  magnetic 
f i e l d  contours and contacts inferred from them. Locating these con­
tacts with aeromagnetic anomalies is possible because the main mass 
of the Bayonne batholith  contains abundant accessory magnetite, where­
as in the Kootenay Landing Granite and Mine stock i t  is rare or 
absent.
A contact between the Kootenay Landing Granite and the main mass 
of the Bayonne bathol i th  can be located within several hundred meters 
ju s t  south of Kootenay Lake on i t s  west side. The contact inferred  
from the aeromagnetic anomalies is consistent with that  located on the 
ground. The postulated in trus ive contact in the v ic in i t y  of Kootenay 
Mountain and Steeple Mountain (see Figs. 2 and 4) is inferred solely  
from the magnetic evidence. Fault contacts inferred from aeromagnetic 
anomalies are discussed in following sections.
Age o f  the Bayonne Batholith
Glover (1978) and Archibald and others (1977) report that  geologic 
relationships and K-Ar age determinations on mi cas indicate that  the 
Mine stock and the main mass of the Bayonne bathol i th  are o f  d i f fe re n t  
age. B io t i te  from the contact aureole o f  the Mine stock y ie lds a K-Ar 
date of 150 Ma, but,  by structural and compositional analogy with the
Figure 4. Absolute tota l  magnetic f i e ld  contours and contacts
inferred from them. Contour in terval  100 gammas. Aero­
magnetic data from GSC maps 8475G and 8476G.
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Nelson b a th o l i th ,  the plutons may be as old as middle Jurassic (Arch­
ibald and others, 1977). A 171 Ma U-Pb zircon date determined by 
Archibald (personal comm., 1981) from the Mine stock supports a 
middle Jurassic age.
The main mass of the Bayonne batholith  y ie lds K-Ar dates which 
suggest emplacement o f  most of that phase at  about 95-100 Ma (Archibald,  
personal comm., 1981). As is discussed below, the Kootenay Landing 
Granite was probably emplaced shortly pr io r  to th is  date. Hence this  
date may represent a reset event rather than an emplacement age.
The Kootenay Landing Granite is compositionally nearly identica l  to 
the core phase of the White Creek batho l i th .  The s t r ik ing  s im i la r i t y  
between these two bodies which are 65 kilometers apart suggests that  
they were emplaced during the same event, hence approximately at the 
same time. Wanless and others (1968) present an exhaustive geochrono- 
logic study of the White Creek b atho l i th .  A Rb-Sr whole rock isochron 
based on f iv e  points indicates a minimum emplacement age fo r  the core 
phase of 111 Ma.
Archibald (personal comm., 1981) reports eleven K-Ar mica age de­
terminations from seven two-mica rock l o c a l i t i e s ,  presumably a l l  from 
the Kootenay Landing Granite. Sample locations and age determinations 
are shown on Figure 2. Seven b io t i t e  ages range from 40-51 Ma and four  
muscovite ages range from 49-54 Ma. Mica pairs from the same samples 
are discordant. The mid-Cretaceous minimum age of emplacement for  
the Kootenay Landing Granite inferred by comparison with the core phase 
of White Creek bathol i th  and the mica-pair discordance suggest that
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these dates record a la te  cooling or reset event (Archibald and others,  
1977).
Regional Igneous Petrology
Regional c o rre la t io n . A strong d is t inct ion  exists between the 
Kootenay Landing Granite and the other phases of the main mass of the 
Bayonne bathol i th  and the Mine and Wall stocks. Contrasts are evident 
in macroscopic to microscopic textures, major mineral constituent modes 
and compositions and occurrences of minor and accessory mineral con­
s t i tu en ts .  These contrasts are outlined in Table 2.
The petrologic d is t inc t ion  observed in the Bayonne batholith  exists  
throughout the S e lk irk -P r ie s t  River region, a region which l ies  north of  
Spokane, Washington between 116* and 118* West longitude. Geologically  
the region l ie s  generally east and southeast of the Kootenay Arc. The 
Kootenay Landing Granite correlates petro log ica l ly  with plutons of the 
two-mica suite  id e n t i f ie d  by M i l le r  and Engels (1975) in northeastern 
Washington and northern Idaho and with the core phase of the White Creek 
batholi th  (Reesor, 1958; Wanless and others, 1968; Mursky, 1972) lo ­
cated about 65 kilometers north-northeast of the Bayonne batholith  
(see Fig. 1) .  All other phases of the Bayonne batholith  correlate  
petro log ica l ly  with plutons of the hornblende-biotite suite id e n t i f ie d  
by M i l l e r  and Engels (1975) and with the border phases of the White 
Creek bathol i th .  A comparison of features noted throughout the region 
for  these d is t in c t iv e  plutonic rock types is shown in Table 2.
S-type and I - type  gran ites . The d is t inct ion  in plutonic rock types 
noted above corresponds to the S-type versus I - type  d is t inct ion  made by
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Feature
S-type
Kootenay Landing Granite(X)
Two-mica suite(O)
Core phase. White Creek 
batholi th (Y)
I - type
Bayonne b a th o l i th ,  main 
mass and Mine stock(X) 
Hornblende-biotite suite(O)  
Border phases. White Creek 
batholi th (Y)
potassium feldspar microcline only (X ,0,Y) microcline and orthoclase 
(X,0,Y)
plagioclase unzoned, lower An content 
(X,Y)
zoned, higher An content 
(X,Y)
color index less than 10 (X,0,Y) about 20 (X,0,Y)
muscovi te present (X,0,Y) absent (X,0,Y)
hornblende absent (X,0,Y) present (X,0,Y)
epidote absent (X ,0,Y) present (X,0,Y)
b io t i  te reddish-brown pleochroism 
(X,Y)
greenish-brown pleochroism 
(X,Y)
monazi te present (X,Y) absent (X,Y)
sphene absent (X,0,Y) present (X,0,Y)
magnetite absent (X,Y) present (X,Y)
r u t i l e absent (X,Y) present (X,Y)
a l l a n i te present (0,Y) absent (0,Y)
i lm enite common (X,Y). rare (X,Y)
f o l ia t ion common (X,0,Y) rare (X,0,Y)
porphyri t i  c ra re ly  (X,0,Y). commonly (X,0,Y)
composition heterogeneous (X,0,Y) homogeneous (X,0,Y)
pegmatite dikes abundant (X ,0,Y) common (X,0,Y)
to ta l  accessories much lower (X,Y) much higher (X,Y)
Table 2. Comparison of ch arac ter is t ic  features of two d is t in c t iv e  plutonic  
rock suites corresponding to the S-type and I - type  granites of  
Chappell and White (1974). References:
(X) this study
(0) M i l l e r  and Engels (1975); F. M i l l e r ,  personal comm., 1981 
(Y) Reesor (1958); Wanless and others (1968); Mursky (1972).
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Chappell and White (1974). The d is tr ibu t io n  of S- and I - typ e  plutons 
is shown in Figure 1. In th is  study, the S-type versus I - type  d is t in c ­
t ion is made mineralogically .  S-type granites ty p ic a l ly  contain mus­
cov ite ,  monazite and i lmenite and lack hornblende, epidote, sphene and 
magnetite, whereas the opposite is true for  the I - type  granites.  Other 
distinguishing character is t ics  of S- and I - typ e  granites are shown in 
Table 3.
The assignment of the core phase o f  the White Creèk bathol i th  to 
the S-type category is confirmed by the i n i t i a l  Sr isotopes (Wanless 
and others, 1968). A Rb-Sr whole-rock isochron drawn through f iv e  points 
indicates an i n i t i a l  ^^Sr/^^Sr ra t io  of 0.7250, suggesting a continental 
crust source fo r  the magma.
Chappell and White (1974) a t t r ib u te  the S-type versus I - type  d is­
t inc t io n  to a d ifference in composition of the source region fo r  the 
g ran it ic  magmas. They conclude that S-type magmas are derived by 
p ar t ia l  melting of sedimentary rock and I - type magmas are derived by 
p ar t ia l  melting of igneous rocks. Later work tends to favor a primit ive  
mantle-derived source fo r  I - type magmas and a continental crust source 
fo r  the S-type magmas (e .g .  Beckinsale, 1979; McCulloch and Chappell, 
1982). The effects  of d i f fe re n t ia t io n  and contamination of the primary 
magma complicate any in te rp re ta t ion  of source rock composition, and i t  
is evident that  the mixing of mantle-derived and continental crust com­
ponents is a common occurrence (McCulloch and Chappell, 1982).
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Feature I - type S-type
Felsic-mineral  
di fferences
quartz less abundant; 
feldspar may be pink
quartz more abundant; 
feldspar commonly white
Common mafic 
mineral
b io t i t e  high in Mg/Fe b io t i t e  low in Mg/Fe
D is t i  nctive  
minor minerals
+ pyroxene, epidote,  
a l l a n i t e ,  hornblende
garnet, s i l l im a n i te ,  
c o rd ie r i te ,  muscovite
Opaque minerals magnetite i lmenite  
p yr i te
i lmenite ( 0.1%) + 
p yrrh o t i te ,  graphite
Accessory 
mi nerals
sphene common sphene secondary only
SiOg 55-76% 66-76%
NagO >2.2% in rocks with 
2.0% Kr,0 to 3.2% in  
rocks with 5.0% KgO
<2.2% in rocks with 
2.0% KpO to 3.2% in  
rocks with 5.0% K̂ O
Mol A l ,0 - / (N a ,0  
+ KgO^+^CaO)^
<1.1 > 1 .1  (peraluminous)
C.I .P .W. Norms <1.0% "corundum" or 
diopside present
>1.0% "corundum"
Minor and 
trace elements 
at 66% SiOg
TiO? >  0.55% 
CaO > 3.7%
Cr <  45 ppm 
Co <  16 ppm 
Zr <  150 ppm
TiO, <  0.55% 
CaO'^< 3.7%
Cr >  45 ppm 
Co >  16 ppm 
Zr >  150 ppm
Sr^^/Sr®® <0 .7 06 >0 .706
Mi neral 
deposi ts
porphyry Cu-Mo Sn ,W
Xenoli ths igneous appearance 
and normally 
hornblende-beari ng
metasedimentary; 
may be common
Interpreted  
oxygen fug- 
ac ity
higher,
FegOg/FeO > 0 . 4
lower,
FegOg/FeO < 0 .4
Table 3. Distinguishing character is t ics  of I -  and S-type g ran i t ic  
rocks. From Chappell and White (1974); White and 
Chappell (1977); Ishihara (1977); Mine and others (1978) 
A fte r  Hyndman ( in  p rep . ) .
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Spatial Separation of S- and I - type  Granites
S- and I - type  plutons in the S e lk irk -P r ie s t  River region have 
overlapping geographic domains. I f  S-type g ran i t ic  magmas are derived 
by p a r t ia l  melting of continental crust,  then th is  e n t i re  region must 
be underlain by continental crust.  The I - type  magmas in the region may 
have been derived by p ar t ia l  melting in the underlying mantle, as pro­
posed fo r  the la te  I - typ e  plutons intruding the predominantly S-type 
western portion of the Idaho bathol i th  (Hyndman, in press).
The plutonic h istory of the Sel k i rk -P r ie s t  River region d i f fe rs  
markedly from that  of the opposite side of the Kootenay Arc. Voluminous 
batholiths such as the Nelson and Kuskanax are inferred to have been 
emplaced during the Jurassic on the concave side of the Kootenay Arc, 
but batholiths o f  that  age are not known to occur in the S e lk irk -P r ie s t  
River region on the convex side o f  the Kootenay Arc (see Tectonic 
Assemblage Map of the Canadian C o rd i l le ra ,  GSC map 1505A). In addition  
to th is  contrast in age of emplacement, S-type g ran i t ic  plutons 
ch arac ter is t ic  of the S e lk irk -P r ie s t  River region on the convex side 
of the Kootenay Arc are not known to occur on the concave side of the 
Kootenay Arc. A spatia l  separation of terranes dominated by S- and I -  
type intrusions is noted for  the Lachlan Fold Belt o f  southeastern 
Austral ia  (White and others, 1976) and the Idaho batholith  (Hyndman, 
in press). The l in e  separating the two terranes may represent the po­
s i t io n  of the continental-oceanic crust boundary in these regions (White 
and others, 1976; Hyndman, in press). I f  S-type granites are the resu l t  
of the p a r t ia l  melting of continental crust ,  the Kootenay Arc may mark
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the edge of the autochthonous Precambrian continental crust of  the 
North American craton. Using d i f fe re n t  geologic parameters, Price  
(1980) reached the same conclusion fo r  the central portion of the 
Kootenay Arc (see page 6 ) .  Defining the edge of the North American 
craton by the most westerly occurrence of S-type granites is  analogous 
to defining the same boundary by the most westerly occurrence of i n i t i a l  
Sr^^/Sr^^ ra t ios  greater than 0.706 (K is t le r  and Peterman, 1973; 
Armstrong and others, 1977).
As noted above, the southwesterly portion of the Kootenay Arc 
is northeast-trending (see Fig. 1) and l ie s  approximately along the pro­
jec t ion  of the St. Mary f a u l t  and a major crustal structure id e n t i f ie d  
geophysically by Kanasewich and others (1969). I f  the southwesterly 
portion of the Kootenay Arc marks the edge of the autochthonous North 
American continental crust,  the alignment of that boundary with a major 
crustal structure suggests that the presumed Precambrian r i f t i n g  o f  the 
North American craton (eg. Stewart,  1972) may have occurred in this  
v ic in i t y  along a preexisting crustal weakness. Because of th is  a l ign ­
ment and lacking any evidence to the contrary, the continental crust 
in ferred to underlie the S e lk irk -P r ie s t  River region is assumed to be 
an autochthonous portion of the Precambrian North American craton.
Temporal Separation of S- and I - type  Granites
S-type and I - typ e  g ra n i t ic  rocks are commonly separated in time of  
emplacement. Chappell and White (1974) note that  the S-type plutons of  
the Lachlan Fold Belt of southeastern Austral ia  are dominantly syn- 
tec ton ic ,  whereas the I - type  plutons are dominantly post-tectonic.
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The Older Granites of the B r i t ish  Caledonides are dominantly syn- 
tec ton ic ,  whereas the Newer Granites are post-tectonic and I - type  
(Pankhurst, 1979). Beckinsale (1979) used Rb-Sr geochronology to d is ­
tinguish two S-type and two I - typ e  in trus ive events in southeast Asia.
In the S e lk i rk -P r ie s t  River region, no consistent syntectonic versus 
post-tectonic re lat ionship  has been described, radiometric age dating is 
equivocal regarding age of  emplacement and in trus ive relationships  
ind ica t ive  of r e la t iv e  time of emplacement are known from only seven 
locations. Geologic evidence suggests, however, that  three separate 
in trus ive events may have occurred in the S e lk irk -P r ie s t  River region 
and can be distinguished in the in frastructure  of the Selk irk  meta- 
morphic core complex.
The oldest of 91 radiometric age determinations from probable S-type 
plutons in the S e lk irk -P r ie s t  River region (Table 4) is 111 Ma from the 
White Creek batholith  (Wanless and others, 1968). I f  a l l  S-type plutons 
in the region were emplaced during the same event, I assume th is  date to 
be the approximate age fo r  the event. Concordant K-Ar age determinations 
for  three biotite-muscovite pairs from probable S-type plutons range 
from 99 to 102 Ma (Table 5) and support th is assumption. Reesor (1973) 
reports b io t i t e  and muscovite K-Ar ages of 132 and 138 Ma respectively  
for  the S-type eastern phase of the Bugaboo bathol i th  (see Fig. 1) .
These are rejected as unreasonable ages because th is  phase contains in ­
clusions o f  an older plutonic phase which yie lds a K-Ar b io t i t e  age of  
100 Ma (Reesor, 1973),  a reasonable age in l ig h t  of the common occurrence
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Table 4
Age determinations from probable S-type plutons in the S e lk irk -P r ie s t  
River region. See Figure 1 fo r  location of named plutons.
J = minerai pa irs ,  b i o t i t e  l is te d  f i r s t
Location 
Bugaboo, 
eastern phase 
Horsethief Creek 
Fry Creek
II
II
II
II
II
II
White Creek, 
core phase
II
Kootenay Landing 
Grani te
Reference 
Reesor, 1973
Method
K-Ar
II
II
II
II
II
Wanless and 
others, 1968
Archibald,  
pers. comm.
Rb-Sr
K-Ar
Mi neral 
B
B
B
M
B
M
B
M
M
B
M
whole rock 
B
Date(Ma)
100
108
45
63
76
83
86
91
97
82
80 J 
111 
51
II II II M 54
I I II M B 43
II II II M 51
II II II B 40
' I l II II B 45
II II II M 50.
II II II B 41
I I II II M 49.
II II II B 49
Summi t stock II II B 102
I I II II M 102
48"" 58' ,116* 43' M i l l e r  and II B 50
48" 59' ,116* 40'
Engels, 1975
II B 53
49'' 57' ,116® 36' II II B 49
48"" 50' ,116® 30' II II M 49
48"* 43' ,116® 29' II II B 51
48^ 46' ,116® 44' II II B 53
II II II M 49.
48® 54' ,116® 46" II II B 51'
II II II M 53.
48® 57' .116* 52' II II B 69
48® 59' ,116® 54’ I I II B 98'
II II II M 93.
48"* 58' ,116* 57' II II B 104
48® 56' ,116* 57' II II B 108
48® 42' ,116* 54' II II B 87
48®43' ,117* 04' II II B 85
48® 46' .117* 04 II II M 95
48 *4 8" ,117* 13' II II B 97
]
]
]
]
]
]
Table 4 ,  continued
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Location Reference Method Minerai
48" 4 3 ' , 17° 20' M i l l e r  and K-Ar B
Engels, 1975
I I H M
48” 45' , 17” 28' I I I I B
I I I I I I M
48°  4 7 ' , 17” 31' I I I I B
I I
48” 44' , 17° 33'
I I
I I
I I
I I
M
B
48” 39' . 17” 30' I I I I B
I l
4 8 '  36' , 17” 22'
I I
I I
I I
I I
M
B
48” 3 5 ' , 17” 21' II II B
I I II II M
48” 36' , 17” 04' I I I I B
I I I I I I M
4 8 ” 38' . 16 ” 48' I I I I B
4 8 “ 36' . 16° 38' I I I I B
4 8 ” 3 7 ' . 16 °  26' I I II B
I l II I I M
48” 29' , 16” 33' II II B
I I I I I I M
48<" 05' , 16 ” 41' I I I I B
47** 56' , 17” 00' I I I I B
47® 51 ' , 17“ 10' I I I I B
I I I I I I M
47^ 51' , 17“ 11' I I II B
I I I I I I M
47® 47’ , 17” 28' I I I I B
I I I I M
4 8 “ 24' , 16” 58' I I I I B
I I II I I M
4 8 ” 24' , 16” 51' I I I I B
I I I I I I M
48® 27' , 16” 45' I I I I B
I I I I I I M
4 8 ” 25' , 17” 08' I I I I B
I I I I I I M
4 8 ” 26' , 17" 23' I I I I B
I I I I I I M
4 8 ” 12 ' , 17” 30' I I I I B
I I I I II M
4 8 ” 0 0 ' , 17” 34' I I I I M
48 ” 2 3 ' , 17” 35' I I I I B
I I I I I I M
48® 24' , 17” 37' I I II B
I I I I I I M
4 8 ” 3 0 ' , 17“ 40' I I I I B
I I I I II M
4 8 ” 31' , 17” 40' I I I I B
I I I I I I M
Date(Ma) 
■“ 101 ■
49 J  
47 T
49 J
45
46
:n
4 8 1  
53 J 
93 1
10 J
9 5 1
9 7 J
4 8 1
4 8 J
9 9 1
10 J
4 8 1
50 J 
551  
56 J 
78 
521  
5 8 J  
561  
6 7 j  
5 9 1  
84 J 
741  
89 J
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of 90-100 Ma K-Ar dates in the region (see page 72 ) .  I - type  plutons 
in the region commonly y ie ld  discordant K-Ar dates in the 45-50 Ma 
and 90-100 Ma ranges, but they also y ie ld  much o lder ,  commonly d is ­
cordant dates (Reesor, 1973; M i l l e r  and Engels, 1975). I - type  plutonic  
rocks, however, y ie ld  radiometric age determinations suggesting an 
Eocene emplacement age fo r  some of them. This evidence includes con­
cordant Eocene hornblende and b io t i t e  K-Ar dates from the S i lv e r  Point 
Quartz Monzonite (M i l l e r  and Engels, 1975) and Eocene dates from 
apparently shallow level I - type  porphyrit ic dikes near Sandpoint 
(Harrison and others, 1972). These observations are consistent with a 
protracted(?) p r e - i l l  Ma I - type in trus ive event followed by an S-type 
in trus ive event followed in the Eocene by the intrusion of the I - type  
S i lv e r  Point Quartz Monzonite. The data do not prove such a re la t io n ­
ship, however, because these radiometric determinations may not represent 
emplacement ages.
Six observed in trus ive relationships indicate that  S-type intrusion  
followed I - type  intrus ion .  The six are:
1) White Creek b a th o l i th ,  S-type core phase cross cuts con­
tacts of older I - type  border phases (Reesor, 1958),
2) S-type granodiorite  intrudes older I - type  Fan Lake grano- 
d io r i t e  ( M i l l e r ,  1974d, p. 4 ) ,
3) I - typ e  Starvation F la t  Quartz Monzonite older than 
S-type granodiorite (M i l l e r  and Clark, 1975, p. 38) ,
4) the S-type eastern phase of the Bugaboo batholith  con­
tains inclusions of the older I - type  western phase 
(Reesor, 1973),
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5) small dikes of an S-type quartz monzonite extend into
an older I - type  granodiorite a few tens of fee t  in northern 
Lincoln County, Washington (Becraft and Weis, 1963, p. 25 ) ,  
and
6) an S-type pluton appears to have a ch i l le d  margin against 
an older I - type  pluton in northern Pend Oriel le County, 
Washington (F. M i l l e r ,  personal comm., 1982).
In addit ion,  contact configurations shown by M i l l e r  and Engels (1975) 
fo r  the area s t ru c tu ra l ly  overlying the Newport f a u l t  and north of  
Lat. 48*30" suggest that  S-type plutons are younger, assuming that  
plutons generally have concave inward contacts (see Fig. 1) .
A single in trus ive  re lat ionship observed near Sandpoint, Idaho in ­
dicates that  I - type  intrusion followed S-type intrusion (Harrison and 
others, 1972). The f ine-grained groundmass noted fo r  the I - type pluton 
suggests that  i t  may have been intruded at shallower levels and, hence, 
in a more recent event than most I - typ e  plutons in the region. The 
determination of re la t iv e  timing of pluton emplacement based on the 
d is t in c t io n  in groundmass grain size can apply only to plutons of the 
in fras truc ture  of the Se lk irk  metamorphic core complex, because the 
presently exposed levels of in fras tructure  and suprastructure may have 
moved through the depth a t  which a f ine-grained groundmass can form at  
d i f fe re n t  times. For th is  reason, plutons with f ine-grained groundmass 
of apparent widespread occurrence east of the Purcell Trench (Harrison 
and others, 1972) are not a fac tor  in th is  discussion.
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The S i lv e r  Point Quartz Monzonite is  an I - type  pluton with f in e ­
grained groundmass, and M i l l e r  (1974a) concludes that  i t  is the 
youngest pluton in the region. As noted above, th is  pluton yie lds con­
cordant Eocene K-Ar hornblende and b io t i t e  ages, the youngest in the 
region. This evidence supports the in te rpre ta t ion  that  I - type  plutons 
with f ine-grained groundmass were emplaced during the most recent in ­
trusive event in the in fras truc ture  of the Selk irk metamorphic core 
complex.
Evidence presented in th is  section suggests that three separate,  
distinguishable in trus ive  events occurred in the in frastructure  of the 
Selk irk  metamorphic core complex. This speculation would not be war­
ranted without the knowledge that  elsewhere in the world S-type and 
I - type in trus ive events are commonly separated temporally. A pro- 
t racted(?) pre-mid-Cretaceous I - type  intrusive event was followed in 
mid-Cretaceous time by an S-type in trus ive event. Following a period of 
u p l i f t  and/or cooling. Eocene I - type  plutons with f ine-grained ground­
mass were emplaced.
CHAPTER 3 
STRUCTURAL GEOLOGY
A zone of d uct i le  and catac last ic  deformation has developed in 
rocks of the Kootenay Landing Granite at the south end of Kootenay 
Lake on the west side of the Purcell Trench. The location o f  this zone 
of deformation is shown on Figure 2. Exposure of the deformation zone 
is excel lent  in ra i l road  cuts and along the lake shore. The deformation 
zone is exposed at lake level in two outcrops located two kilometers 
apart.  The following analysis pertains s p e c i f ic a l ly  to the better  ex­
posed northern end of the deformation zone.
Ductile Deformation
Mesoscopic and macroscopic descript ion. In the deformation zone at  
the south end of Kootenay Lake, mylonites have developed in a p ro to l i th  
of  Kootenay Landing Granite. The term mylonite is used here as defined 
by Bell and Etheridge (1973). Mylonites re f le c t  duct i le  deformation 
wherein s tra in  is accompanied by -  i f  not accommodated by - recovery 
and re c ry s ta l l i z a t io n  o f  mineral grains. Cataclasites with evidence of  
fractured grains r e f le c t  deformation of b r i t t l e  rocks. Ductile de­
formation is favored over b r i t t l e  deformation by high confining 
pressures, high temperatures and low s tra in  rates (Jaeger and Cook,
1976, p. 85-88).
Two d is t in c t  textura l  v a r ie t ie s  of mylonite, one strongly developed
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and the other more weakly developed, ex is t  near Kootenay Landing. The 
more strongly developed mylonites are recognized in the f i e l d  as f in e ­
grained shear zones with feldspar augen. The shear zones have a strong 
f o l ia t io n  defined by f la t tened  rods of quartz and feldspar,  a lternat ing  
bands rich in mafic and f e ls ic  minerals and a preferred orientat ion  
of b io t i t e .  As shown in Figure 5, the strongly developed var ie ty  of  
n\ylonite has an a t t i tu d e  o f  about N5°W, 40°E. The strongly developed 
mylonites also have a d is t in c t  l ineat ion  defined by elongate mineral 
grains, p r in c ip a l ly  muscovite, and elongate rods o f  quartz and feldspar.
As shown in Figure 6, th is l ineat ion  trends consistently N70-75°E.
The more strongly developed, east-dipping mylonites are res tr ic ted  to a 
narrow zone. In the more northerly outcrop of the ducti le  deformation 
zone, f iv e  discrete mylonite shears varying in thickness from 15 to 45 cm 
with an aggregate thickness o f  2.5 meters are separated by undeformed 
granite over a width of 12 meters perpendicular to the shears. The 
northern and southern exposures of th is  narrow zone l i e  two kilometers 
apart at lake level precisely along the N5°W s tr ik e  of the east-dipping  
mylonite f o l ia t io n .
The narrow zone of east-dipping mylonites disappears under the 
lake or lake sediments in both directions along s t r ik e ,  but the per­
sistence o f  th is zone exposed two kilometers apart exactly along the s tr ike  
of the east-dipping mylonite fo l ia t io n  suggests that the zone should 
continue. A projection to the south of the N5°W, 40°E structural trend 
o f  the zone o f  strongly developed mylonites predicts that the zone should 
be exposed on the ridge bordering the north side o f  Newington Creek.
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N
A
o = strongly developed mylonite 
A = weakly developed mylonite
Figure 5. Equal-area projection of 19 poles to mylonite fo l ia t io n  from 
the deformation zone exposed near Kootenay Landing.
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N
o = strongly developed mylonite 
A = weakly developed mylonite
Figure 6. Equal-area projection of 19 mylonite l ineations from the 
deformation zone exposed near Kootenay Landing.
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Outcrop Is good along that  r idge, but no evidence of the east-dipping  
structure was found. In addit ion,  rocks of the main mass of the Bayonne 
batholi th  outcrop on that ridge. This evidence suggests the existence 
of a younger c ross-fau lt  in th is  v ic in i t y .  An aeromagnetic anomaly 
trending about N55®W (see Fig. 4) may correspond with this postulated 
f a u l t  (F ig .  2 ) .
Mylonites of the more weakly developed var ie ty  are not strongly 
penetrative.  T yp ic a l ly ,  1 mm-wide shears are separated by 1 cm of much 
less deformed granite p ro to l i th  in zones o f  10 to 30 cm thickness. The 
quartz in th is  less deformed p ro to l i th  is inferred r e l i c t  in a following  
section. Fo l ia t ion  in the more weakly developed mylonites is defined 
by the th in ,  f ine-grained shears themselves. Locally th is fo l ia t io n  is 
curviplanar,  possibly as a resu lt  of  drag-folding along the slickensided 
surfaces described below. As seen in Figure 5, the more weakly de­
veloped mylonites have a more variable orientat ion than the strongly  
developed mylonites but generally dip at shallow angles to the west,
A l inea t ion  in the more weakly developed var ie ty  of mylonite is defined 
prim ari ly  by elongate muscovite grains. This l ineat ion  has a somewhat 
variable trend of about N70°E (Fig.  6 ) .  The west-dipping mylonites are 
not re s tr ic te d  to a narrow zone but rather are exposed about 600 meters 
s t ru c tu ra l ly  below and at least  200 meters above the zone of east-  
dipping mylonites.
Microscopic tex tures . Thin sections of samples from the centers of  
the east-dipping mylonites show evidence of strong ducti le  deformation 
(see Plate 1 and Fig. &). In the centers of the east-dipping shears
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Plate 1. Photomicrograph showing textures typical of an east-dipping  
myloni te.
0.5 mm
West
Q+F
Down
East
Figure 7. Diagram of  Plate 1, approximate orientat ion shown. Note
feldspar (F) and muscovite (M) porphyroclasts and alternat ing  
bands rich in very f ine-grained mafic (B) and fe ls ic  (Q+F) 
minerals defining fo l ia t io n .
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compositional layering produced during deformation l ie s  para l le l  to 
the sch is tos ity  defined by the preferred orientat ion  o f  mineral grains,  
a re lat ionship  that  develops only with high degrees of s tra in  (Berthe 
and others, 1979). Medium-grained porphyroclasts o f  plagioclase,  
microcline and muscovite l i e  in a very f ine-grained matrix of  those same 
minerals plus b io t i t e  and quartz. Feldspars show deformation twin-  
lamellae and s t r a in - f r e e  quartz has been e n t i re ly  recrys ta l l ized .  
Lozenge-shaped muscovite porphyroclasts lo c a l ly  overgrow the fo l i a t io n ,  
but where muscovite cleavage planes l i e  about p ara l le l  to the fo l i a t io n ,  
individual grains are strongly elongate and f la t tened .  This elongation 
p a r t i a l l y  defines the mesoscopic l inea t ion  and, as discussed below, in ­
dicates sense of shear. These textural  re lationships indicate that  
muscovite in the east-dipping mylonites c rys ta l l ize d  or recrys ta l l ized  
a f te r  most o f  the deformation in the shears but underwent some la te  
deformation.
Microscopic textures typical of the west-dipping mylonites are shown 
in Plate 2 and Figure 8. Subparallel thin shear zones defining the 
f o l ia t io n  are separated by regions of much less deformed granite proto-  
l i t h ,  and thus the shears are only weakly penetrative. In the thin  
shear zones, very f ine-grained s t ra in - f re e  recrys ta l l ized  quartz,  feldspar,  
b io t i t e  and muscovite are present. Quartz grains in the shears are 
elongate and form a microstructure. The axis o f  elongation of these 
quartz grains l ie s  a t  an angle of about 15° to the fo l ia t io n .  In the 
much less deformed regions between the thin shears, quartz shows undulose
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Plate 2. Photomicrograph showing textures typical of a west-dipping 
myloni te.
Up
SQ
RQ
EastWest thin discrete 
shear
RF SQ
granite
protolith 0 .5  mm
Down
Figure 8. Diagram of Plate 2, approximate orientat ion shown. Note thin  
discrete shear zone with very f ine-grained elongate quartz 
(RQ) and feldspar (RF) enclosed by granite p ro to l i th  with 
quartz sub-grains (SQ) and weakly deformed feldspar (F).
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extinction, deformation lamellae, polygonization and the development 
of sub-grains, indicating that deformation has not led to the re-  
crysta l l  ization of the grains.
Indicators of sense of shear. Four fabric elements consistently 
indicate sense of shear in the mylonites near Kootenay Landing. The 
fabric elements are:
1) deformed muscovite books.
2) sigmoidal fo l ia t io n  around feldspar porphyroclasts,
3) comminution t a i l s ,  and
4) preferred orientations of quartz c-axes.
The f i r s t  and second elements can be seen at mesoscopic and microscopic 
scales, but the th ird  and fourth are v is ib le  only at the microscopic 
scale. All fabrics were observed in slabs or thin sections cut paral le l  
to the l ineation and perpendicular to the fo l ia t io n ,  indicating that at  
least the most recent movement was directed paralle l  to the l ineation.
As noted above, mylonites at Kootenay Landing contain muscovite 
porphyroclasts that local ly  overgrow the fo l ia t io n .  This textural  
relationship indicates that muscovite crystal l ized or recrystal l ized  
a f te r  most, but not a l l ,  of the ductlie deformation producing the my­
lonites.  Muscovite books oriented with the ir  basal cleavages about 
para l le l  to the fo l ia t io n  are deformed into elongate, f lattened shapes. 
In hand specimens broken para l le l  to the fo l ia t ion  plane, these deformed 
grains occur as streaks up to about 0.5 cm wide and 1.5 cm long with 
th e ir  long axes lying para l le l  to and p a r t ia l ly  defining the l ineation.
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In th in  sections, muscovite elongation and f la t ten ing  appears to be 
the resu l t  o f  displacement within the grain along cleavage planes. As 
shown in Plate 3 and, diagrammatically, in Figure 9, the apparent sense 
of displacement along those cleavage planes indicates sense o f  shear. 
Deformed muscovite books consistently indicate a normal sense of d is­
placement fo r  both east-  and west-dipping mylonites re la t iv e  to th e i r  
present o r ien ta t ion .
Fo l ia t ion  defined by a l te rnat ing  bands o f  comminuted mineral grains 
wraps around feldspar porphyroclasts in the mylonites near Kootenay 
Landing. The fo l ia t io n  takes on a sigmoidal shape with monoclinic 
symmetry and indicates sense of shear (Plate 4 and Figure 10). Sig­
moidal fo l ia t io n  around feldspar porphyroclasts consistently indicates  
a normal sense of displacement for the east-dipping mylonites re la t iv e  
to t h e i r  present o r ien tat ion .
During ducti le  deformation, re c ry s ta l l i z a t io n  along kinks concen­
tra ted  at  grain edges results in a reduction in grain size (Bell and 
Etheridge, 1973). Comminuted new grains are pulled out into t a i l s  in a 
sense compatible with and ind ica t ive  of the sense of shear displacement 
(P late  5 and Figure 11). Comminution t a i l s  consistently indicate a 
normal sense of displacement fo r  both east- and west-dipping mylonites 
re la t iv e  to t h e i r  present or ien ta t ion .
Quartz c-axis fabrics have been determined fo r  one oriented sample 
from an east-dipping xy lon ite  and one from a west-dipping mylonite.  
Quartz c-axes in the east-dipping mylonite show a broad point maximum
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Plate 3. Photomicrograph showing a deformed muscovite book in an east- 
dipping mylonite.
U p
RQ
cleavage
West
Down
East
Figure 9. Diagram of Plate 3 ,  approximate orientat ion and deduced sense 
o f  shear shown. Note elongate, f la t tened shape of muscovite 
porphyroclast (M) and apparent sense of displacement along 
cleavage planes.
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Plate 4. Photomicrograph showing sigmoidal fo l ia t ion  wrapped around 
feldspar porphyroclasts in an east-dipping mylonite.
West
0 .5  mm
foliation
East
Down
Figure 10. Diagram of Plate 4, approximate orientation and deduced 
sense of shear shown.
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Plate 5. Photomicrograph showing comminution t a i l s  in a west-dipping 
mylonite.
Up
granite protolith
West
RB
thin discrete 
shear 0.5mm
Down
East
Figure 11. Diagram of Plate 5, approximate orientat ion and deduced 
sense of shear shown. Note b io t i t e  crystal in granite  
p ro to l i th  (B) is re c rys ta l l ize d  (RB) and pulled out into  
a t a i l  in the thin discrete shear zone.
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lacking symmetry re la t iv e  to the fo l ia t io n  but define a dif fuse crossed- 
g ird le  fab r ic  with weak monoclinic symmetry re la t iv e  to the fo l ia t io n  
(Figure 12). This fabr ic  may r e f le c t  a complex deformation history  
for  the east-dipping mylonite, as discussed in a following section.
In the west-dipping mylonite sample, separate fabric  determinations 
were made fo r  elongate new quartz grains in the discrete shears and for  
r e l i c t  quartz grains from the non-recrysta l l ized granite p ro to l i th  be­
tween the discrete shears. The elongate new grains in the discrete  
shears show a p a r t ia l  s in g le -g ird le  fabric  with weak monoclinic symmetry 
re la t iv e  to the f o l ia t io n  plane (F ig .  13),  whereas the r e l i c t  grains 
show a random or ientat ion  (Fig. 14).
Quartz grains deformed under duct i le  conditions tend to take on a 
preferred crystal lographic o r ien tat ion .  The symmetry of the c rys ta l lo -  
graphic fab r ic  measured on the U-stage is compatible with the symmetry 
of  other re lated fab r ic  elements and presumably, the symmetry of the 
deformation (Turner and Weiss, 1963, p. 385-386). Eisbacher (1970), Wilson 
(1975) and Carreras and others (1977), among others, note quartz c-axis  
fabrics with strong monoclinic symmetry from mylonites. L is ter and 
Williams (1979) demonstrated with f i e l d  evidence and computer simulations 
that  the symmetry o f  th is monoclinic fabr ic  re la t iv e  to the kinematic 
framework o f  flow plane and flow direction consistently indicates sense of 
shear as shown in Figure 15. Preferred orientations of quartz c-axes 
indicate a normal sense o f  displacement for both east-  and west-dipping 
mylonites r e la t iv e  to th e i r  present or ien tat ion .
a  ) 47
■-'foliation
— lineation
b)
foliation
lineation
Figure 12. Equal-area projection of 260 quartz c-axes from samole 27, 
an east-dipping mylonite. Contours a t  1, 3, 7 and 10 per 
cent (maximum 12 per cent) per 1 per cent area, deduced sense 
of shear and projection or ien tat ion  shown in b).
a  )
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foliation
lineation
b )
West
foliation
lineation
East
axis o f /v ^  
quartz grain 
elongation
Down
Figure 13. Equal-area projection of c-axes of 150 elongate quartz
grains from sample 26, a west-diopinq mylonite. Contours 
at  1, 3,  7 and 10 per cent (maximum 14 per cent) per 1 per 
cent area, deduced sense of shear and projection o r ien ta ­
t ion  shown in b) .
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West
East
maximum range of 
U* stageDown
Figure 14. Equal-area projection of c-axes of 75 non-recrystall ized  
r e l i c t  quartz grains from sample 26. Maximum range of  
U-stage and orientat ion  of projection shown.
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foliation
lineation
Figure 15. Sense of shear deduced from assymmetry of quartz c-axis  
fa b r ic .  A fter  L is te r  and Williams (1979).
foliation
«-«-lineation
Figure 16. Equal-area projection of the axis of quartz grain elonoation 
(so l id  arrows) fo r  sample 26, a west-dipping mylonite. Sense 
of shear deduced from comminution t a i l s  and preferred orien­
tations of quartz c-axes shown. According to C. Simpson 
(personal comm, to D. Hyndman, 1981), the axis of quartz grain 
elongation should be inclined in the opposite d irection  
(dashed arrows) fo r  the sense of shear determined.
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As noted above, quartz grains in the discrete shears of the west- 
dipping mylonites are elongate, and the axis of elongation l ie s  at  
an angle of about 15° to the mylonite fo l ia t io n .  I t  has been suggested 
that  the d irec t ion  of in c l in a t ion  of the axis o f  quartz grain elongation 
to the f o l ia t io n  indicates sense of shear as shown in Figure 16 
(C. Simpson, personal comm, to D. Hyndman, 1981). In the west-dipping 
mylonites the sense of shear indicated by this direction of inc l ina t ion  
is opposite from that  deduced from deformed muscovite books, comminution 
t a i l s  and the quartz c-axis fab r ic .  Because the quartz grains themselves 
have a fab r ic  (F ig .  13) indicating a sense of shear opposite from that  
deduced from elongate quartz grain in c l in a t io n ,  I  suggest that the 
direct ion  o f  inc l in a t io n  of axis of  quartz grain elongation to fo l ia t io n  
is an unrel iab le  ind icator  of sense o f  shear. I can o f fe r  no rational  
explanation fo r  th is  quartz microstructure.
Cataclastic  Deformation
Slickensided surfaces. Numerous slickensided surfaces are exposed 
in ra i l road  cuts near Kootenay Landing and also near the mouth of Next 
Creek. Near Kootenay Landing the slickensided surfaces are exposed over 
an area about coincident with that  o f  the west-dipping mylonites. These 
surfaces are commonly curviplanar, but slickenside str ia t ions maintain 
a constant trend through the curves. In one location, a west-dipping 
mylonite is cut o f f  by, and appears to be drag-folded against, a s l icken­
sided surface. Drag-folding indicates normal displacement on the 
slickensided surface.
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A stereographic projection of slickensided surfaces and sl icken­
side l ineat ions is shown in Figure 17, Slickensided surfaces have a 
var iab le ,  but generally moderate-to-steep east- to northeast-dipping  
a t t i tu d e .  Plunge of the slickenside l ineations varies from moderate to 
steep, but i t  consistently trends about N70°E, para l le l  to the mylonite 
l in ea t io n .  As shown in Figure 17, Nevin (1966) measured a slickenside  
l in ea t ion  of nearly identica l  a t t i tu d e  on the west side of the Purcell
Trench about 65 kilometers to the south.
Microbreccia. Microbreccia is a term used to describe a very f in e ­
grained, massive, intensely brecciated but completely coherent rock 
(Higgins, 1971). Microbreccias are character is t ic  of fau lt ing  at crustal  
levels only s l ig h t ly  higher than those at  which mylonites form (Sibson, 
1977).
Microbreccia is exposed s tru c tu ra l ly  underlying and possibly con­
tiguous with the east-dipping mylonite zone at  i ts  southern end (see
Fig, 2 ) .  As is the case with the east-dipping mylonites at the northern
end of th e i r  exposure, both the microbreccia and the mylonite appear to 
be enclosed by, and have the same mineralogy as, the Kootenay Landing 
Granite. This evidence suggests that the microbreccia may para l le l  and 
be genet ica l ly  re lated to the east-dipping mylonite zone. The outcrop 
pattern of the l im ited  exposure o f  the microbreccia zone is consistent  
with that  in te rp re ta t io n ,  but because the microbreccia lacks internal  
structure the orien tat ion  of the zone o f  microbreccia can not be as­
certained. Exposure a t  the northern end o f  the east-dipping mylonite
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o = slickenside l ineat ion  
A = pole to slickensided surface
4- = slickenside l ineat ion  of Nevin (1966)
Figure 17. Equal-area projection of 43 slickenside l ineations and 36 
poles to sl ickensided surfaces. Includes data from the 
deformation zone exposed near Kootenay Landing and from 65 
kilometers to the south (Nevin, 1966).
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zone is s u f f i c ie n t ly  good to rule out the p o s s ib i l i ty  that microbreccia 
occupies the same structura l  position there. I t  is possible that some 
of the displacement on the east-dipping structure accommodated by 
d uct i le  deformation a t  the northern end of the exposure of the zone may 
have been accommodated c a ta c la s t ic a l ly  at  the southern end, conceivably 
as a re su l t  of l a t e r a l l y  heterogeneous stra in  rate within the zone.
Deformation History
Analysis of textura l  relationships and structural fabrics observed 
in structures exposed near Kootenay Landing allows some conclusions re ­
garding deformation history.  Three stages of deformation, possibly 
representing two separate tectonic events can be distinguished. The 
stages of deformation history are summarized in Table 5.
In the east-dipping mylonites lozenge-shaped and stretched and 
f la t tened  muscovite porphyroclasts are much coarser-grained than b io t i t e  
I f  those minerals underwent the same deformation, they normally would be 
expected to have about the same grain size. The difference in mica 
grain size indicates that muscovite c rys ta l l ized  or recrys ta l l ized  a f te r  
most, but not a l l ,  of the ducti le  deformation producing the east-  
dipping mylonites and implies that the east-dipping mylonites were pro­
duced by two separate duct i le  deformation events.
The p o s s ib i l i ty  that  two separate ducti le  deformation events have 
produced the east-dipping mylonites is supported by the fact that the 
quartz c-axis fab r ic  for  the east-dipping mylonite has a broad point  
maximum with a d if fuse  crossed-girdle (see Fig. 12). L is ter  and Price
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Table 5. Stages of deformation history determined from structures 
exposed near Kootenay Landing. See tex t  for  explanation.
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(1978) report a somewhat s im ila r  fabr ic  and demonstrate with computer 
simulations that the fabr ic  can not be produced by a single-stage de­
formation history or mult ip le  deformations constant in th e i r  kinematic 
framework. Those authors emphasize that  a non-random population of  
quartz c-axis or ientat ions p r ior  to a deformation w i l l  a f fe c t  the d is­
t r ib u t io n  of c-axis concentrations in the pattern produced by the de­
formation. As shown in Figure 14, the quartz of the Kootenay Landing 
Granite in which the east-dipping mylonites are developed apparently had 
a random orien ta t ion  p r io r  to any deformation. Thus in the east-dipping  
mylonites the duct i le  deformation occurring a f te r  the growth of muscovite 
porphyroclasts must have inherited a non-random quartz orientat ion from 
an e a r l i e r  deformation event, presumably the ducti le  deformation event 
occurring p r io r  to the growth of the muscovite porphyroclasts.
L is te r  and Price (1978) note that the fabr ic  symmetry preserved in a 
structure is re la ted  to the symmetry o f  the f ina l  deformation, and in ­
formation about the orientat ion  of e a r l i e r  deformation axes is o b l i t e r ­
ated by la t e r  deformation. Thus the structural  fabrics in the east-  
dipping mylonites were produced by duct i le  deformation of the second 
tectonic  event. Because deformation of the second tectonic event would 
have destroyed preexisting fabr ics ,  I w i l l  not speculate about the 
symmetry of the duc t i le  deformation of the f i r s t  tectonic event.
The s in g le -g ird le  quartz c-axis fabric  determined for the west- 
dipping mylonite (see Fig. 13) indicates a deformation history constant 
in i t s  kinematic framework (L is te r  and Price, 1978). Because east- and 
west-dipping mylonite l ineat ions indicate transport in the same d irec t ion .
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the west-dipping mylonites probably were produced by the ducti le  de­
formation stage of the second tectonic event which produced the fabrics  
preserved in the east-dipping mylonites.
The east-  and west-dipping mylonites approximately define a con­
jugate shear produced during duc t i le  deformation of the second tectonic  
event. An or ientat ion  of principal stress axes w i l l  produce conjugate 
shears as shown diagrammatically in Figure 18. As shown in Figure 18, 
the acute angle of intersection of the conjugate shears near Kootenay 
Landing is about 65 degrees, and the blocks within the acute angle moved 
r e la t i v e ly  outwards. Because the east-dipping mylonite is probably a 
reactivated structural  weakness and the west-dipping mylonites appear to 
have been drag-folded at least lo c a l ly  against la te r  slickensided sur­
faces, the orien tat ion  of the principal stresses producing the conjugate 
mylonit ic  shears exposed near Kootenay Landing can only be approximated.
The observed myloni t i c  l ineat ion  should l i e  in the plane,
that  containing the greatest and least  principal stresses. The great 
c i r c le  that best f i t s  the mylonite l ineat ion  is N70°E and vert ica l  (see 
Fig, 6 ) .  The intermediate principal stress axis should be normal to 
th is  plane at N20°W, about horizontal .  This is about the same as the 
o rien ta t ion  of the l in e  of intersection of the conjugate shears N20°W, 
10°S (Fig. 19),  which is also the intermediate principal stress axis 
(see Fig. 18).  Both the east-  and west-dipping mylonites preserve 
evidence o f  a normal sense of displacement re la t iv e  to th e i r  present 
o rien ta t ion s ,  and thus the axis of  least compressive stress, should
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' compressive stress
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compressive stress
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—  —  —  — shear, with sense of displacement
— cTg =  axis of intermediate compressive 
stress, perpendicular to page
Figure 18. Relationship of conjugate shears to the sterss e l l ip s o id .
The acute angle of intersection of the conjugate shears 
near Kootenay Landing is about 65 degrees.
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dipping conjugate shears
Figure 19. Equal-area projection of or ientat ion of stress e l l ipso id  
determined from conjugate mylonite shears.
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be intersection of the ^  plane and the nearly horizontal d f ]  
plane bisecting the acute angle between the conjugate shears, whereas 
the axis of greatest compressive stress, should be the intersection  
o f  the cT-j <f* 3  plane and the nearly vert ica l  ^  plane bisecting  
the obtuse angle between the conjugate shears (see Figs. 18 and 19).
The or ien ta t ion  of and must be about N70°E, 80®W and N70®E,
10*E respectively  (Fig. 19). Considering the p o s s ib i l i ty  of preexisting  
structural  weaknesses and post-mylonite shear plane drag-folding, the 
orientat ion  of the stresses which produced the duct i le  deformation of 
the second tectonic event can be only approximately defined as subhori­
zonta l ,  ENE-WSW extension. The localized stress picture may be d i f fe re n t  
from the or ien tat ion  of regional stresses (eg. Moody and H i l l ,  1956).
The great c i rc le  that best f i t s  the orientations of the slickenside  
l ineat ions (Fig. 17) has a N70°E, vert ica l  a t t i tu d e ,  the same as that  
best f i t t i n g  the l ineations in both the east- and west-dipping mylonites 
produced by e a r l i e r  duct i le  deformation (Fig. 6 ) .  This indicates move­
ment in the same direction during both the la te r  ductile and b r i t t l e  
stages of deformation. Although the coincident orientations of ducti le  
and ca tac last ic  l ineat ions may be fortu i tous ,  this coincidence warrants 
the speculation that  the la te r  duct i le  deformation may have been pro­
duced by stresses of the same orientat ion as those producing the b r i t t l e  
deformation and that the change in deformation character can be a t t r i ­
buted to movement through the d u c t i l e - b r i t t l e  transit ion  during a single  
tectonic event. I t  can not be determined whether th is  movement through 
the d u c t i l e - b r i t t l e  t ra n s i t io n  might have been the resu lt  of a drop in
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temperature or confining pressure or simply an acceleration of strain  
ra te .  Table 5 assumes that  the la te r  duct i le  deformation and b r i t t l e  
deformation were produced by the same tectonic event.
CHAPTER 4 
REGIONAL TECTONIC IMPLICATIONS
Geologic observations in the study area have been presented in the 
chapters on Igneous Petrology and Structural Geology. Pétrographie data 
indicates the existence o f  several d is t in c t iv e  gran it ic  phases in the 
Bayonne bathol i th  which can be distinguished, in part ,  by aeromagnetic 
anomaly patterns. Regional petrologic correlations indicate that Eocene 
K-Ar age determinations from the Kootenay Landing Granite and other
S-type plutons in the region may be la te  cooling or reset dates from 
plutons emplaced during the mid-Cretaceous. Analysis of structures ex­
posed in a roughly north-south-trending zone of deformation on the west 
side of the Purcell  Trench indicates three stages of deformation, 
possibly representing two tectonic events. The f i r s t  tectonic event 
involved duct i le  deformation. Later duct i le  deformation produced a 
conjugate mylonite shear from which a subhorizontal, ENE-WSW extension 
stress or ientat ion  can be determined. The la t e r  ductile  deformation has 
produced a mylonite l inea t ion  para l le l  to a l ineation on slickensided 
surfaces. This coincidence warrants the speculation that both the la te r  
d u c t i le  deformation and the b r i t t l e  deformation may have been produced 
by stresses o f  the same orientat ion  during a single tectonic event. The 
regional tectonic implications of these observations are explored 
below.
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Purcell Trench Fault
As discussed in a preceding section. M i l le r  and Engels (1975) in fe r  
a large displacement fa u l t  buried in the Purcell Trench south of the US- 
Canada border. Those authors suggest that the fa u l t  is a major s tr ik e -  
s l ip  or thrust f a u l t .  Based on regional fa u lt in g  patterns. Price and 
others (1981) in terpreted  the structure as an Eocene l i s t r i c  normal 
f a u l t .  Ewing (1980) in terpreted  the structure as an Eocene throughgoing 
s t r ik e -s l ip  fa u l t  bounding the east side of the Selk irk  metamorphic core 
complex.
The location of the Purcell Trench fa u l t  north of the US-Canada 
border is problematic. M i l le r  and Engels (1975) suggest that the fa u lt  
leaves the Purcell Trench north of the border and joins northeast- 
trending fa u lts  mapped by Rice (1941) east of the trench.
Near the southern h a lf  o f Kootenay Lake the Purcell Trench corresponds 
to a postulated major fa u l t  o ffs e tt in g  the upper Purcell sequence and 
the lower Windermere supergroup ( L e d a i r ,  1982). Archibald (personal 
comm., 1981) postulated a fa u l t  covered by Kootenay Lake at i ts  southern 
end, c it in g  as evidence the s tra tig rap h ie  offsets noted by L ec la ir  (1982) 
and profound contrasts in metamorphic grade, intrusive levels and la te  
thermal h is to r ies  of in trus ive  rocks across the lake. The most probable 
location o f the fa u l t  is  in fe rred  from aeromagnetic anomalies and shown 
in Figures 2 and 4. Archibald (personal comm., 1981) interpreted the 
postulated Purchell Trench fa u l t  as l i s t r i c  normal and th is  in te rp re ­
ta t io n  is shown in Figure 20.
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Figure 20. Geologic cross-section, no vertical exaggeration. Location of section shown in Figure 2.
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The close proximity o f the deformation zone exposed near Kootenay 
Landing to a postulated major fa u l t  buried in the Purcell Trench suggests 
th a t these structures may be re la ted . This re lationship  is supported 
by the fa c t  that the s tr ik e  of the zone of strongly developed, east-  
dipping mylonites p a ra lle ls  the in ferred  s tr ik e  of the postulated Purcell 
Trench fa u l t .  The cumulative displacement across both the ductile  
and b r i t t l e  structures exposed near Kootenay Landing may not have been 
g rea t, however, because rocks of the Kootenay Landing Granite are ex­
posed both above and below the deformation zone and there is no evidence 
th a t the g ran ite  was intruded along the deformation zone or the possibly 
re la ted  nearby major f a u l t .  The apparent minor displacement across the 
structures exposed near Kootenay Landing suggests that i f  they are re­
lated to the postulated Purcell Trench fa u lt  they are only subsidiary to i t
Price (1981) in terpreted  the postulated Purcell Trench fa u l t  as a 
west-dipping s tructure . I f  the structures in the deformation zone exposed 
near Kootenay Landing are re lated  to the postulated Purcell Trench fa u l t ,  
the fa c t  that the exposed east-dipping mylonites are much more persistent  
and strongly developed than the west-dipping mylonites suggests that the 
Purcess Trench fa u l t  may be an east-dipping structure. The occurrence of 
east- to northeast-dipping curviplanar slickensided surfaces exposed near 
Kootenay Landing (see Fig. 17) also suggests that the major buried 
structure  is east-d ipp ing , as is displayed in Figure 20.
N55*W Cross-faults and Continuations of the Purcell Trench Fault
The d u c tile  deformation zone exposed near Kootenay Landing appears
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to be o ffs e t  by younger cross-fau lts  a t the southern end of i ts  exposure 
(see page 37 ) .  This suggests that the major buried Purcell Trench fa u l t  
also is cross-faulted  in th is  v ic in i ty .  Such cross-faulting  may explain  
the apparent westward s h i f t  o f the Purcell Trench north of the US-Canada 
border, assuming that the structure contro lling  the location of the 
trench maintains a f a i r l y  constant north-south trend.
The aeromagnetic anomaly (see Fig. 4) from which the N55°W trend 
of th is  postulated c ro s s -fa u lt  was inferred  as part of a N55°W trending  
anomaly that extends fo r at least 21 km. This suggests that th is  postu­
lated N55°W c ro s s -fa u lt  may be a major regional structure. As shown on 
Figure 2, the most l ik e ly  location fo r the Purcell Trench fa u l t  to the 
southwest o f the postulated c ross-fau lt  is near Wynndel. This represents 
an apparent o f fs e t  o f about 10.8 km. The location of the Purcell Trench 
f a u l t  south from Wynndel is based prim arily  on aeromagnetic anomalies.
In add ition , l im ite d  geologic evidence north of the mouth of Summit Creek 
indicates that no major s tru c tu ra l ,  s tra tig rap h ie  or metamorphic d is ­
co n tin u it ies  e x is t  between the Bayonne batholith  and the Purcell Trench 
and suggests th at the Purcell Trench fa u l t  can not l i e  west of the trench 
in  th is  v ic in i ty .
I f  the postulated N55®W fa u l t  near Kootenay Landing continues to the 
northwest, a northwest-trending contact mapped by Lec la ir (1982) between 
the Kootenay Landing Granite and the Proterozoic Dutch Creek Formation 
near Mt. Burnett may be a segment of that fa u l t  (see Fig. 2 ) .  I f  major 
displacement has occurred on th is  postulated structure , L e c la ir 's  
mapping constrains the d irec tion  o f displacement on the fa u l t .  Because
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contacts between e a r ly  Paleozoic and Proterozoic units appear to cross 
the pro jection  o f the fa u l t  without o f fs e t ,  the d irection  of displace­
ment must be about p a ra lle l  to the l in e  of intersection between the 
metasedimentary units and the fa u l t .  This coincidence seems fo rtu ito u s ,  
but an apparent facies and thickness change in the Proterozoic Monk 
Formation shown by L ec la ir  (1982) approximately along the projection of 
the fa u l t  lends credence to th is  in te rp re ta tio n .
The Purcell Trench fa u l t  projected on i ts  inferred N5°W trend 
north from Kootenay Landing should be exposed south of Sanca on the 
east side o f Kootenay Lake (see Fig. 2 ) .  A cursory examination of high­
way cuts in th at v ic in i t y  revealed no evidence of the structure. In 
contrast however, outcrops in the v ic in i ty  of Next Creek on the west 
side o f Kootenay Lake at the north edge of the f ie ld  area have numerous 
curvip lanar slickensided surfaces s im ilar to those exposed near Kootenay 
Landing. These observations suggest th at the Purcell Trench fa u l t  
s h if ts  westward somewhere ju s t  south of the mouth of Next Creek (see 
Fig. 2 ) .  This in te rp re ta t io n  is supported by a westward s h if t  in the 
north-south trending aeromagnetic anomaly (see Fig. 4) presumably 
associated with the Purcell Trench fa u l t .  The a tt itu d e  of the fa u l t  
near Next Creek is conjectured to be p ara lle l to that o f the postulated 
N55°W f a u l t  to the southwest which also is associated with an inferred  
westward s h i f t  o f the postulated Purcell Trench fa u l t .  The location  
of the Purcell Trench fa u l t  is  unknown north from where the north- 
south-trending aeromagnetic anomaly completely fades out near Columbia 
Point.
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S e lk irk  Metamorphic Core Complex
Geologic features c h a rac te r is tic  of the Selk irk  metamorphic core
complex south of the US-Canada border are present in the v ic in i ty  of
the southern end o f Kootenay Lake and expand to the north the range 
o f the terrane th at can be considered the Selk irk  metamorphic core 
complex. These geologic features include:
1) near Kootenay Landing the postulated Purcell Trench
fa u l t  l ie s  to the east of a terrane y ie ld ing  Eocene K-Ar
la te  cooling or reset dates (Archibald, personal comm.,
1981) from a pluton probably emplaced during the mid- 
Cretaceous ,
2) s tra tig rap h ie  o ffsets (L e c la ir ,  1982) and contrasts in  
metamorphic grade (Archibald, personal comm., 1981) 
across the trench near Kootenay Landing are consistent 
with a major fa u l t  separating in fras truc ture  from 
suprastructure and
3) p a ra lle l  slickenside lineations measured 65 kilometers 
apart on the west side of the Purcell Trench and indicating  
the loca lized  d irec tion  of extension during catac lastic  
deformation suggest tha t the postulated fau lts  buried in 
Purcell Trench near Kootenay Landing and south of the US- 
Canada border could be re la ted .
A possible location of the western edge of the in fras truc ture  in 
th is  v ic in i t y  is discussed in a following section. The northern l im it
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of the complex is  unknown beyond where the aeromagnetic anomaly 
presumed to be associated with the postulated Purcell Trench fa u l t  
completely fades out near Columbia Point.
Complex Deformational H istories o f Core Complexes
Structures exposed near Kootenay Landing record evidence of an 
e a rly  tecton ic event characterized by ductile  deformation followed by 
a postulated second tectonic event characterized by d uc tile  and cata­
c la s t ic  deformation. The postulated second tectonic event reactivated  
the presently east-dipping mylonite shears and produced the west- 
dipping mylonites and curviplanar slickensided surfaces. A pattern of 
ea rly  d u c tile  deformation followed by la te r  catac lastic  deformation 
is  noted fo r  other metamorphic core complexes in the central portion  
o f the western North American C o rd ille ra , including the eastern flanks 
of the K ettle  Dome (Rhodes, 1980), the Monashee and Shuswap complexes 
(Read and Brown, 1981), and the B itte rro o t Dome (Hyndman, 1980) and 
the Newport f a u l t  o f  the S e lk irk  complex (M i l le r ,  personal comm., 1981). 
This e a r ly  d u c tile  deformation may have involved detachment and s lid ing  
of suprastructure (eg. Hyndman, 1980) or d istributed  thrusting (eg. 
Cheney, 1980; Read and Brown, 1981).
As indicated by evidence fo r  subhorizontal, roughly east-west 
extension and the close association o f structures with a terrane y ie ld ing  
Eocene K-Ar dates, the postulated second tectonic event of th is  study 
corre la tes a t least with the la te r  ca tac las tic  deformation event of  
other core complexes in northeastern Washington, northern Idaho and
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southeastern B r it is h  Columbia- Because reactivation  of structures may 
have o b lite ra te d  earlier-form ed structural fa b r ic s ,  in s u ff ic ie n t  
evidence is preserved in the east-dipping mylonites regarding defor­
mation of the f i r s t  tectonic event of th is  study to re la te  that de­
formation to deformation events elsewhere in the Selk irk  metamorphic 
core complex or in other core complexes.
Timing of Regional Tectonic Events
The occurrence of an Eocene tectonic event in northeastern 
Washington, northern Idaho and southeastern B r it is h  Columbia is widely 
accepted (Cheney, 1980; Rhodes, 1980; Ewing, 1980; Johnson, 1981; Price, 
1981; Read and Brown, 1981). Rhodes (1980) and Read and Brown (1981) 
demonstrate th at the T e r t ia ry  event is characterized by ca tac lastic  
deformation. Hence th is  Eocene tectonic event most closely correlates  
with the postulated second tectonic event of th is  study.
Most authors in te rp re t  the widely occurring K-Ar age determinations 
from the metamorphic core complexes of the central Cord illera  as la te  
cooling dates recording the time of the catac lastic  deformation event 
of the complexes. This may not be the case for the Idaho batholith  
(Criss and T ay lo r, 1978). Because the blocks in northeastern Washington, 
northern Idaho and southeastern B r it ish  Columbia are usually bounded 
by major structures that may have been active during the Eocene, the 
in te rp re ta t io n  that the Eocene K-Ar dates are related to tectonism 
is ra t io n a l .  This in te rp re ta t io n  is complicated, however, by the 
recognition of an in trus ive  event of probable Eocene age (see page 32) 
which suggests that some o f the dates could be caused by thermal resetting
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The widespread occurrence of Eocene K-Ar dates in the region 
suggests th a t e ith e r  structura l blocks were rapid ly  u p lifted  through 
e s s e n tia lly  s ta tionary  isotherms fo r  Ar retention or those isotherms 
moved ra p id ly  downward through stationary or slowly u p l i f t in g  structural 
blocks. Any sudden increase in cooling e ff ic ie n c y  should cause the 
isotherms fo r  Ar retention to rap id ly  drop. Tectonism may increase 
cooling e ff ic ie n c y  by augmenting s t r ic t l y  conductive cooling in the 
following manner. Tectonism may cause the i n i t i a l  fracturing  of holo- 
c ry s ta l l in e  metamorphic and plutonic rocks, allowing cool surface water 
to c irc u la te  by convection through the fractured rocks and rapid ly  
cool them through the blocking temperature fo r Ar retention.
The timing of the early  du c tile  deformation event a ffecting  the 
metamorphic core complexes of the central Cordillera  is defined large ly  
by circumstantial evidence. The most l ik e ly  maximum age fo r the event 
is  established by the age of the plutons deformed during the event.
An S-type pluton lying to the west of the Hauser and Newman Lake 
Gneisses in the Spokane dome has a northeast-trending linea tion  (M i l le r ,  
1974b) in ferred  to have developed during the f i r s t  tectonic event 
a ffe c tin g  the S e lk irk  metamorphic core complex. This pluton probably 
was emplaced a t  about 111 Ma (see page 2 7 ) ,  and thus the f i r s t  event 
occurred a f te r  111 Ma. The occurrence of a 150 Ma pluton apparently  
in truding early-developed mylonites in the Monashee Complex (Read 
and Brown, 1981) contradicts th is  in te rp re ta tion  i f  the structures are 
c o rre la t iv e  and the age determination and observed geologic relationships  
are correct. The fa c t  tha t the Monashee Complex has undergone an intense
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probable mid-Mesozoic deformation (Hyndman, 1968; Read and Brown,
1981) raises the p o s s ib i l i ty  that the structures cut by the 150 Ma 
pluton in the Monashee complex indeed may not be co rre la tive  with 
structures o f the f i r s t  tectonic event of th is  study. The most l ik e ly  
minimum age fo r the ea rly  d uc tile  deformation event is established  
by analogy with the Monashee Complex, where the Goat Canyon-Halifax 
Creek stock with K-Ar b io t i te  age of 107 ^  8 Ma apparently intruded 
mylonites developed on the eastern edge of the complex (Read and Brown, 
1981).
A mid-Cretaceous age fo r  the early  d uctile  deformation event in 
northeastern Washington, northern Idaho and southeastern B rit ish  
Columbia is supported by K-Ar data presented in Fox and others (1977) 
and shown in Figure 21. An obvious clustering of Eocene dates is  
evident in the data, associated with the la te r  catac lastic  deformation 
event discussed above. A clustering of dates around 90-100 Ma is less 
obvious but unmistakeable. I propose that th is  clustering is due to 
the gross fra c tu r in g  o f suprastructure rocks at th is time and th e ir  
rapid cooling by c irc u la t in g  water, as discussed above. Many of these 
90-100 Ma dates probably come from plutons emplaced much e a r l ie r .
These plutons probably lo s t  Ar during the region-wide intrusion of hot 
S-type magmas in to  upper levels of the crust at about 111 Ma (see page 27) 
but again began re ta in in g  Ar a short time la te r  a f te r  fracturing  and 
cooling during deformation of the f i r s t  event.
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Figure 21. Mesozoic and Cenozoic age determinations within the region 
bounded by 117* and 121* W longitude and 48" and 51" N l a t ­
itude p lotted with respect to the Omineca C rysta lline  Belt 
and projected to the 49th p a ra l le l .  A fter Fox and others 
(1977).
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St. Mary Fault
The southwesterly projection of the St. Mary fa u l t ,  a probable 
reactivated  structure o f at least Proterozoic age (Lis and Price,
1976), should cross the Purcell Trench in the v ic in i ty  of the southern 
end o f Kootenay Lake (see Fig. 1 ) .  In the course of th is  study, no 
evidence o f northeast-trending shear zones or contact offsets was found 
in the rocks of the Bayonne batholith  to suggest that the St. Mary 
f a u l t  cuts the b a th o lith . This supports the in te rp re ta tion  o f Rice 
(1941) and Archibald and others (1977) that the Bayonne batholith  was 
intruded subsequent to the f in a l  displacement on the St. Mary fa u l t  
which therefore must be pre-mid-Cretaceous.
Fault Near Jersey Creek
A marked contrast in time of f in a l retention o f Ar over a short 
distance suggests a major fa u l t  a few kilometers west of the Purcell 
Trench in the v ic in i t y  of the Bayonne bath o lith . Plutonic rocks of the 
Summit stock (see Fig. 1 ) ,  a probable S-type pluton, y ie ld  concordant 
K-Ar ages of 102 Ma from both muscovite and b io t i te  (Archibald, per­
sonal comm., 1981). Roughly 15 kilometers away, muscovite and b io t i te  
from the S-type Kootenay Landing Granite, probably emplaced in mid- 
Cretaceous tim e, f i n a l l y  began re ta in ing  Ar only at 45-50 Ma. The 
postulated fa u l t  separating these plutons with d if fe re n t  la te  thermal 
h is to r ies  probably l ie s  to the east o f the Mine stock, because b io t i te  
from the contact aureole of that pluton y ie lds a 160 Ma K-Ar date. As 
shown in Figures 2 and 20 , a l ik e ly  location of the fa u l t  is at the
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contact between the Mine stock and the main mass of the Bayonne batho­
l i t h .  This contact l ie s  east of the ridge between Jersey and Shaw 
Creeks but has not been mapped in th is  study. East of Jersey Creek an 
aeromagnetic anomaly trending about north-south (see Fig. 4) may 
correspond with th is  contact.
Elsewhere in the region, fa u lts  bounding blocks with Eocene K-Ar 
plutonic mica ages trend about north-south (P rice , 1981). I f  such is 
the case with the postulated fa u l t  east of Jersey Creek, the fa u l t  l ie s  
approximately on trend with the southerly extension of the Blazed Creek 
f a u l t  (see Fig. 1 ) .  This raises the p o s s ib i l i ty  that the northeast- 
trending and north-south-trending segments of the Blazed Creek fa u l t  
are not the same structure (c f .  Rice, 1941; Glover, 1978), and fu rth e r ,  
that the north-south-trending segment of the Blazed Creek fa u l t  may be 
the northerly  continuation of the Newport fa u l t  (M i l le r  and Engels, 
1975). I f  the postulated fa u l t  east of Jersey Creek is a continuation 
of the Newport f a u l t ,  i t  may mark the western edge of the Selk irk  
metamorphic core complex in fras truc ture  in th is  v ic in i ty .  Detailed  
mapping of metamorphic and structural features in th is  v ic in i ty  may re ­
solve these questions.
CHAPTER 5 
SUMMARY AND CONCLUSIONS
Igneous Petrology
The Bayonne batholith  straddles the Purcell Trench at the southern 
end o f Kootenay Lake in southeastern B rit ish  Columbia and is a com­
posite g ra n it ic  body, both in terms o f composition and probable age.
The Mine stock, a probable Middle Jurassic pluton (Archibald and 
others, 1977), forms the western portion of the batholith  (Rice, 1941). 
My investigation  found that the Mine stock i t s e l f  is a composite body, 
consisting o f a more charac ter is tic  hornblende-biotite-bearing phase 
(R ice, 1941) and a newly id e n t if ie d  b io tite -bearing  phase. The main 
mass of the Bayonne batho lith  was probably emplaced prior to mid- 
Cretaceous time. This phase contains much more accessory magnetite 
than any other Bayonne batholith  phase, making possible the location  
of contacts between phases on the basis of aeromagnetic anomalies 
(GSC maps 8475G and 8476G). This study id e n t if ie s  a d is t in c t iv e  new 
phase of the Bayonne b a th o lith ,  here named the Kootenay Landing Granite. 
This phase is located on the west side of Kootenay Lake at i t s  southern 
end.
The Kootenay Landing Granite is an S-type granite (Chappell and 
White, 1974), as indicated by the presence of muscovite, monazite and 
i lm en ite  and the absence of hornblende, epidote, sphene and magnetite.
A comparison made fo r th is  study from published petrologic descriptions
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indicates th a t as an S-type granite the Kootenay Landing Granite cor­
re la tes  p e tro lo g ic a lly  with other plutons in the region including those 
of the two-mica su ite  id e n t if ie d  by M i l le r  and Engels (1975) in north­
eastern Washington and northern Idaho and other plutons in Canada 
including the eastern phase of the Bugaboo, the Horsethief Creek and 
the Fry Creek batholiths (Reesor, 1973), the core phase of the White 
Creek bath o lith  (Reesor, 1958) and possibly the Summit stock. Other 
phases of the Bayonne batho lith  and other plutons in the region are 
I - ty p e  granites (Chappell and White, 1974), including plutons o f the 
hornblende-bio t i t e  su ite  id e n tif ie d  by M i l le r  and Engels (1975) and the 
border phases of the White Creek batholith  (Reesor, 1958), among others. 
The d is tr ib u t io n  of S- and I-typ e  granites in the region is shown in 
Figure 1.
S-type granites occur only on the convex side of the Kootenay Arc. 
I f  S-type granites are the resu lt  of p a rt ia l  melting of continental 
crust (eg. McCulloch and Chappell, 1982), the Kootenay Arc may mark 
the western edge of the autochthonous Precambrian continental crust of 
the North American craton. Based on geophysical evidence and balanced 
structure sections. Price (1980) reached the same conclusion fo r the 
central portion of the Kootenay Arc. The southwesterly portion of the 
Kootenay Arc is northeast-trending and l ie s  along the trend of a major 
crustal structure id e n t i f ie d  by Kanasweich and others (1969). Because 
of th is  alignment and lacking any evidence to the contrary, the con­
t in e n ta l crust in fe rred  to underlie th is  region is assumed to be an 
autochthonous portion of the North American craton. The geographic
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extent of autochthonous craton west of th is  region is unknown.
Evidence presented in th is  study suggests that three separate, 
distinguishable in trus ive  events occurred in the in fras truc ture  o f the 
S elk irk  metamorphic core complex. Six reported in trus ive relationships  
show I- ty p e  plutons older than S-type plutons, and one shows the opposite 
re la tionsh ip  fo r  an I- typ e  pluton with a fine-grained groundmass. 
Radiometric age determinations in the region (Reesor, 1973; M i l le r  and 
Engels, 1975; Archibald, personal comm., 1981) show concordant Eocene 
K-Ar dates fo r  an I- typ e  pluton with a fine-grained groundmass, suggest 
a maximum mid-Cretaceous age fo r  S-type granites indicated by one Rb-Sr 
whole rock and three concordant K-Ar dates and show other I-type  plutons 
y ie ld in g  commonly discordant Eocene and mid-Cretaceous K-Ar dates but 
also some th at are much o lder. This evidence suggests a protracted(?) 
pre-mid-Cretaceous I- typ e  in trus ive  event followed by a mid-Cretaceous 
S-type event followed by an Eocene I-typ e  in trus ive event when plutons 
with fine-gra ined groundmass were emplaced in the in fras tructure  of the 
complex. This speculation would not be warranted without the knowledge 
that elsewhere in the world S-type and I-typ e  in trus ive events are 
commonly separated temporally (eg. Chappell and White, 1974; Pankhurst, 
1979; Beckinsale, 1979).
Structural Geology
A zone o f d u c tile  and ca tac las tic  deformation has developed in rocks 
of the Kootenay Landing Granite at the southern end of Kootenay Lake on 
the west side of the Purcell Trench. Mylonites produced by ductile
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deformation are o f two v a r ie t ie s ,  one strongly developed, generally east- 
dipping and re s tr ic te d  to a twelve meter-thick zone, and the other weakly 
developed, generally  west-dipping and d is tributed  over a wider area. 
Mylonite l ineations have a consistent N70-75°E trend. Indicators of 
sense o f shear including deformed muscovite books, sigmoidal fo l ia t io n  
around feldspar porphyroclasts, comminution ta i ls  and preferred orien­
ta t io n  o f quartz c-axes consistently show a normal sense of displace­
ment fo r  both the east- and west-dipping mylonites re la t iv e  to th e ir  
present o rien ta tio n s . Slickensided surfaces in the deformation zone 
are commonly curviplanar and dip eastward a t moderate to steep angles. 
Slickenside linea tion s  consistently trend about N70°E, p ara lle l to the 
mylonite l in e a tio n s . Microbreccia ind ica tive  of fa u lt in g  at crustal 
levels  only s l ig h t ly  shallower than those where mylonites form (Sibson,
1977) outcrops a t the southern end of the exposure of the deformation 
zone. There the microbreccia may be s tru c tu ra lly  contiguous with the 
narrow zone of east-dipping mylonites.
Analysis o f tex tura l re lationships and structural fabrics from the 
deformation zone allows some conclusions regarding the deformation 
h istory  o f thoes structures. Three stages of deformation h is tory ,  
possibly representing two separate tectonic events, can be distinguished. 
The f i r s t  tecton ic  event involved ductile  deformation before the growth 
of the muscovite porphyroclasts present in the rocks. The quartz 
c-axis  fa b r ic  from an east-dipping mylonite supports the in terpre ta tion  
th a t two separate tectonic events have affected the east-dipping my­
lo n ite s . The o r ien ta tio n  of the deformation axes fo r the f i r s t  tectonic
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event can not be determined because la te r  deformation may have ob­
l i te r a te d  earlier-form ed fab ric s . The second tectonic event may have 
involved both d u c tile  and b r i t t l e  deformation and occurred a f te r  the 
growth of the muscovite porphyroclasts present in the rocks. East- and 
west-dipping mylonites define a conjugate shear determined to have been 
produced by the d uc tile  deformation stage of the second tectonic event. 
The acute angle of in tersection  of the conjugate shears is about 65 
degrees and the blocks w ith in  the acute angle moved re la t iv e ly  outwards. 
A subhorizontal, ENE-WSW extension stress orien tation  is indicated by 
th is  conjugate shear. The coincident orientations of catac lastic  l i n ­
eations and mylonite lineations produced by ductile  deformation of the 
second tectonic event warrants the speculation that both deformations
may have been produced by stresses of the same orien tation  and that the
change in deformation character can be a ttr ibu ted  to movement through 
the d u c t i le - b r i t t le  tra n s it io n  during a single tectonic event.
Regional Tectonic Implications
S tra tig raph ie  o ffsets  (L e c la ir ,  1982) and contrasts in metamorphic 
grade, in trus ive  levels  and la te  thermal h istories of intrusive rocks 
across the southern end of Kootenay Lake suggest that a major l i s t r i c  
normal f a u l t  is  buried in the Purcell Trench in that v ic in i ty  (Archibald, 
personal comm,, 1981). The close proximity of the deformation zone ex­
posed near Kootenay Landing to the postulated Purcell Trench fa u lt
suggests th at these structures may be re la ted . I f  so, the exposed
structures may only be subsidiary to the postulated fa u l t .
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The postulated Purcell Trench fa u l t  appears to be o ffs e t by 
younger N55®W c ro s s -fa u lts , the locations of which are inferred p a r t ia l ly  
from aeromagnetic anomalies. This younger cross-faulting may explain  
the westward s h i f t  o f the Purcell Trench north o f the US-Canada border, 
assuming th a t the fa u l t  contro lling  the location of the Trench maintains 
a nearly north-south trend.
Geologic features ch a rac ter is tic  of the Selk irk metamorphic core 
complex are present in the v ic in i ty  o f the southern end of Kootenay Lake. 
These geologic features include a metamorphic-grade contrast across 
a postulated Purcell Trench fa u l t  and the association of a terrane yieldinc  
Eocene K-Ar dates to the west of i t .  In addition, p ara lle l slicken­
side lin ea tions  measured near Kootenay Landing and 65 kilometers to the 
south on the west side of the Purcell Trench suggest that fa u lt in g  in 
those lo c a l i t ie s  could be re la ted . This evidence expands to the north of 
the range of the terrane that can be considered the Selk irk metamorphic 
core complex.
A pattern of e a r ly  d u c tile  deformation followed by a l te r  catac lastic  
deformation is noted fo r  other metamorphic core complexes in the central 
C o rd ille ra  (eg. Hyndman, 1980; Rhodes, 180; Read and Brown, 1981; M i l le r ,  
personal comm., 1981). I speculate that the la te r  ductile  and cata­
c la s t ic  stages of deformation determined near the southern end of 
Kootenay Lake occurred during the same tectonic event. This postulated 
tectonic event corre la tes  at least with the la te r  catac lastic  deforma­
tion  event of other core complexes. The f i r s t  tectonic event of th is
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study can not be re la ted  to deformation events elsewhere in the region 
because the reac tiva tio n  o f structures during the second tectonic event 
may have o b lite ra ted  earlier-form ed fabrics .
The age of the la te r  ca tac las tic  deformation event of the S e lk irk  
metamorphic core complex and the postulated second tectonic event o f th is  
study is  established by the generally discordant Eocene K-Ar dates from 
the in fra s tru c tu re  of the complex. The re lationship  of tectonism to Ar
re ten tion  is ra tio n a lized  in th is  study by suggesting that tectonism
during the Eocene caused the i n i t i a l  gross fracturing  of the rocks in the 
complex which permitted cool surface water to e f f ic ie n t ly  c ircu la te  
through the rocks and rap id ly  cool them through the temperature required 
fo r  Ar re ten tio n . Using s im ila r  ra t io n a le , the widespread occurrence 
of mid-Cretaceous K-Ar dates in the suprastructure of the Se lk irk  meta­
morphic core complex and elsewhere in the region (Reesor, 1973; M il le r  
and Engels, 1975; Fox and others, 1977) may establish the age of the early
d u c tile  deformation event of th is  and other central Cordilleran complexes.
A minimum mid-Cretaceous age fo r  the mylonites on the eastern edge of 
the Monashee complex (Read and Brown, 1981) is consistent with th is  
determination. The e a r ly  d u c tile  deformation of the Selkirk meta­
morphic core complex affected  S-type plutons, and i f ,  as suggested in 
th is  study, a l l  S-type plutons in the region were emplaced in mid- 
Cretaceous time, the ea rly  d u c tile  deformation of the complex must have 
shortly  followed the S-type in trus ive  event.
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